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FOREWCGRD

This velume resumes the practice of making available in book
form the results of the effort initiated as a student design proj-
ect under the subject "Special Studies in Systems Engineering."
The last volume resulting from this subject grew out of an exami-
nation during the Spring of 1968 of the problems facing Boston's
air and seaports and was published as Project BOSPORUS. During
the Spring of 1969, the group explored the economics of alterna-
tive methods of transporting oil to markets from the newly dis-
covered fields on the North Slope of Alaska. A significant thesis
grew out of that work but it was decided not to publish a formal

book on the study.

A different project was again selected for study during the
Spring of 1970 and the work was carried through the oral presenta-
tion stage in May of that year. Since that time, Mr. Dennis
Ducsik, who was one of the students in the subject, has conducted
considerably more research on the topics considered during the
term. He revised and expanded the original material and wrote
the final drafts of Chapters 1 through 5 presented herein.

Each section of this document has been reviewed by at least
one of the faculty members who participated in directing the
study, but no attempt was made by the faculty to do more than
offer suggestions. Thus, credit for the ideas as well as the
form of presentation goes to the students and in particular to the

editor, Dennis Ducsik.

William W. Seifert
Professor of Electrical Engineering
Professor of Engineering
in Civil Engineering
Massachusetts Institute of Technology

Cambridge, Massachusetts
June, 1471



PUBLISHER'S NOTE

The aim of this format is to close the time gap between the preparation of
certain works and their publication in book form. A large number of signi-
ficant though specialized manuescripts make the transition to formal publi-
cation elther after a considerable delay or not at all. The time and expense
of detailed text editing and composition in print may act to prevent publi-
cation or sc to delay it that currency of content is affected.

The text of this book has been photographed directly from the author's
typescript. It is edited to a satiafactory level of completeness and compre-
hensibility though not necesgarily to the atandard of consistency of minoxr

aditorial detail prasent in typasat booka issued undexr our imprint.
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PREFACE

The concepts and analyses presented in this bock were ini-
tially formulated during Project NECAP (New England Coastal Area
Planning), a study conducted at the Massachusetts Institute of
Technology in the Spring of 1970. The project comprised a semes-—
ter's work in a single gradvate subject by a multidisciplinary
group of students from M.I.T., Boston University, and Wellesley
College. The group consisted of thirteen graduate and five under-
graduate students with backgrounds in law, eccnomics, and six
engineering disciplines, as shown in Table P.l. We felt that

such an interdisciplinary framework provided an ideal forum for

Students School Department Year
Iiyas Bayar M.I.T. Economics Junior
Philip Byer M.I.T. Electr. Eng. Senior
Larry Donovan M.I.T. Naval Arch, Grad., Stud.
Dennis Ducsik M.I.T. Electr. Eng. Grad. Stud.
& Manhagement
Robert Field, Jr. B.U. Law Third Year
Sung Ling Ho* M.I.T. Nuclear Eng. Grad. Stud.
Robert Jerard M.I.T. Mechanical Eng. Grad. Stud,.
Robert Jones M,I.T, Mathematics Senior
Sandra Lynch B.U. Law Second Year
Paul Mertens* M.I.T. Nuclear Eng. Grad. Stud.
Steve Milligan M.I.T. Aero. Eng. Senior
Richard Morse, Jr. B.lJ. Law Third Year
Tom Najarian M.I.T. Mechanical Eng. Grad. stud.
George Neill* M.I.T. Nuclear Eng. Grad, Stud.
Gary Petaja M.I.T. Mechanical Eng. Grad. Stud,
Brunn Roysden¥* M.I.T. Nuclear Eng. Grad. Stud.
Robyn Seitz Wellesley Economics Senior
Robkert Wolfe B.U. Law Third Year

*These students participated in conjunction with Course 22.26
in the Department of Nuclear Engineering.

Table P.1 Participating Students--Special Studies in
Systems Engineering

the discussion and examination of complex problems, problems that
cannot be sclved effectively without consideration of all their
pertinent aspects and component parts. These, like the problems
themselves, go beyond the boundaries of any single discipline and

xi



can only be confronted successfully from a multidisciplinary

point of view,
economic, and technological issues that are necessarily

encompassing considerations of the social, poli-

tical,
involved.

It was proposed originally that the class take a long-range
look at the role that the land-sea interface should play in the
further development of the New England Coastal Area. The tenta-
tive goal was to lay out a regional development plan for shore-
line utilization for the next 50 years, while taking a broad lock
at the problems of the area and the potential for solutions.
During the first few weeks, however, the orientation of the study
underwent a gradual evolution based on the attitudes and inter-
egts of the students involved. We decided that, within the al-
lotted time, it was beyond the capability of the group to develop
any comprehensive, detailed “master plan" for regional develop-
ment, More important, we felt the need for a much different ap-
proach to planning: the utilization of a flexible and dynamic
methodology to be applied continucusly to meet the needs of
changing times, rather than formulatien of a long-range "master
plan" that might be cutdated before it could ever be initiated.
with this orientation we then set out to tackle what we felt were
"critical problem areas" facing society in Wew England and in the
naticn as a whole.

In the meantime, presentations by gquest lecturers from gov-
ernment, industry, and universities helped to identify and de-
scribe the fundamental issues pertinent to our study. The stu-
dents then formed subgroups to examine more closely particular
focal points within the c¢ritical problem areas.

Although the orientation, management, and working structure
of the course were left in student hands, the participating
faculty, as listed in Table P.2, played a vital role as well-
informed consultants through counseling, guestioning, critici-
zing, and other forms of subtle guidance. Beyond this, however,
there was no faculty veto nor direct control over the final pred-

uct, responsibility for which rests with the students alone.
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Faculty Member Department

John W. Devanney, III M.I.T.: Ocean Engineering

Michael J. Driscoll M.I.T.: Nuclear Engineering

Tamar Frankel (Mrs.) Boston University: School of Law

William Ryckman Boston University: School of Law

William W. Seifert M.I.T.: bCivil and Electrical
Engineering

David G. Wilson M.I.T.: Mechanical Engineering

Table P.2 Participating Faculty

On the last day of the term, the students made a formal pre-~
sentation of the results of Project NECAP to an invited audience
which included representatives from the business, government,
and academic communities who were actively concerned with the
problem areas under investigation. These results were then for-
mally written up in the form of term papers, which provided a
bagsis for the substantial amounts of follow-up research that went
into the articles presented herein. This subsequent effort as
well as publication of the manuscript was supported jointly by
the Henry L. and Grace Doherty Charitable Foundation, Inc., and
the National Sea Grant Program, Project GH-88, 1970-1971 project
element "Interdisciplinary Systems Design Course."

We are indebted to the entire participating faculty for their
enthusiastic support in this undertaking, and are particularly
grateful to Professor William W. Seifert for his active partici-
pation and able guidance throughout the entire effort. Also,
special thanks is due to Miss Virginia Root and Mrs. Louis Fischer
for their patience and perseverance in typing the large amounts
of material that went inte the preparation of these articles.
Finally, we are grateful to Mr. Art Gicdonni of the Electronic
Systems Laboratory Drafting Department for his meticulous effort

in preparing the illustrations found herein.
Dennis W. Ducsik

Cambridge, Massachusetts
June, 1971
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INTRODUCTION

In the preparation of the papers contained in this book,
the authors were guided by a general philosophy which maintainsg
that the complex problems of modern society can best be attacked
by taking, first, a comparehensive orientation and, second, a
soci{af orientation to the planning process. Both of these terms

require some elaboration.

In speaking of a compaehensive orientation, we mean that we
have approached in a systematic way the identification of the
relevant interactions among a wide nange of technical, economic,
social, and political issues that underlie that group of prob-
lems on which we focused cour attention. Too often it seems that
planners--be they economists, engineers, lawyers, or politicians-=-
operate within a relative vacuum, confining their efforts within
the boundaries of their own discipline. As a result we note that
the "best" approach frequently depends upon to whom one talks-—-
engineers tend to loock to technolegical innovation, economists to
figcal policy, and politicians to legislative action. &And too
often, as debate goes on as to what constitutes the "best" ap-
proach, the problems go unselved., It is hoped that the analyses
presented in this book do not fall prey to these shortcomings.

We have tried, within the limits of our resocurces, to develop a
complete picture of the contexts within which certain problems
arise and in which solutions must be carried out. We have tried
to examine carefully the relevant aspects of each situation. We
feel that this orientation is a most important component of any
planning process that hopes to provide effective scolutions to the
complex problems that have become a part of modern American
society.

In taking a soccdial orientation we express our belief that one
of the fundamental goals of planning should be the maximization
of the "good life" as defined by an appropriate aggregation of
the individuals and groups with whom the planrner is concerned.
Perhaps the most important gquestion to be dealt with from this
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social perspective is: are the xesufts of the allocative mech-
anismas in our ecconomic and political (nstitutions consdistent with
the objective of Amproving the gquality of £ife Ln Ameidican soci-
ety, and arne these insfitutions nesponsive fo the needs and de-
mands ¢f cun peopfe? We seek to discover if these mechanisms

can be modified to achieve a more desirable overall balance in
the allocation of our scarce resources, especially the meost basic
ones of air, wafer, and fand whose protection has too often been
of low pricrity in our preoccupation with affluence and growth.
This suggests what constitutes the starting point of our methodo-
logical approach--the development of a framework within which the

problems can be viewed and questions such as these can be answered,

The analytical framework that is developed in Chapter 1 is
hased on the mechanisms of the privaile market, the fundamental
institution that we rely on for the allocation of resources in
our free enterprise system., By examining these mechanisms, we
can understand the root causes of particular problems as well as
determine how the system might be altered to effect desirable sol-
utions, In doing so, we develop basic gudl{defines that should be
applied to decision-making in the public sector, pointing out
important issues that must be faced when one tries to make deci-
sions in the absence of the traditional institutional disciplines
that have been relied upon so heavily in the past.

Within this framework, ocur methodology is simple. From
a social standpoint, we compare the present situation in certain
problem areas with one that seems more desirable to society,
attempting t¢ discover why the situation has come about. Then,
with a comprehensive orientation, we examine the pertinent aspects
of each problem, identify the critical forces at work, and focus
cn an area that deserves immediate attention. Our goal is to
make some substantive contributionsz to the problem-solving efforts
of those who deal with these problems in government, in business,
in academic communities, and in private life. In addition,
we have considered both the short- and long-term implications

of the decision-making activities in each area of interest.
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While a myriad of critical social, economic, and political
problems face both New England and the nation today, we have
chosen to focus on a certain few that have very direct effects
on the quality of life for the great majority of American citi-
zens. In particular, we have elected to concentrate on eaviion-
meatal issues regarding the misuse of our most fundamental scarce
resources--the air, water, and land that comprise our natural
environment. In Chapter 2, we focus on the critical area of
electric power production and its associated difficulties in
the areas of environmental degradation, land-use conflicts,
and construction delays. In Chapter 3, we examine the crisis
in shoreline recreation as a fundamental problem in the allocation
of coastal land by the private market and localized political
decisions. In Chapter 4, we probe the complexities of the air
pollution problem with particular emphasis on the question of
sulfur oxide emissions and their effective contrel. In Chapter
5, we dicuss the problem of pellution in Boston Harber, paving
particular attention to municipal responsibility in improving
the water quality so that the full potential for useful harbor
development can be realized. Finally, in Chapter 6, we take
a futuristic look at what kinds of political reorganization
might he required to effectively manage, in the long run, problems
such as air and water pollution and land use that are inherently
regdonal in nature.

In all but the last chapter, we have dealt primarily with
short-term issues of immediate importance. However, we are also
careful to note that, while short-term solutions can still be
found, we must realize that these are usually stopgap measures at
best and that the fundamental causes of all these problems are
rooted in the growing size and wealth of our population. While
the problems of environmental degradation can be traced to imper-
fections in our present allocative system, corrective action has
been set aside for too long in favor of the American love affair
with more, bigger, faster, etc.--adjectives that are not neces-
sarily associated with bettfer. We have reached the point where

increases in quantity can ne longer be considered the eguivalent
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of increases in quality. Unless some basic attitudes in the
"American Dream"” are altered, we will inevitably face hard-to-
regolve tradeoffs such as between breathing ¢lean air and having
enough power to satisfy increasing demands. The name of the
game is saturatfion, and time is growing short.

On this note we move into the body of our work. While we
believe that the only real solution to most of our growth-related
problems is the stabilization of population, we recognize that
cther technigues must be employed to meet the crises that exist
right now. Hence, our goal in presenting these articles is to
suggest the means by which we might alleviate some of the most
severe problems we face today. At the same time, we hope that
the complexity and severity of the social problems here discussed
will alert all those who involve themselves with this book to
the dangers that lie ahead along the path of unbridled growth.



CHAPTER |

THE FRAMEWORK FOR AMNALYSIS
by
Dennis W. Ducsik

ABSTRACT

An analytical framework is a useful policy-making tool by
which complex environmental problems can be defined, their causes
identified, and alternative solutions evaluated. The misuse
of valuable environmental resources such as land, air, and water
can best be understood within the context of the institutions
we rely on for the allocation of scarce resources. These consist
of the economic environment of the private mankeiplace operating
under the constraints imposed by the pcfditical arena.

In a properly-functioning market, the price-profit mechanism
will bring about an efficient allocation of goods and services con-
sSistent with the values of society, as expressed by a willingness
to pay. However, if certain conditions are violated, markets
fail to appropriate resources in a manner that provides maximum
benefit for society. This gives rise to the need for collective
action, The problems of the environment are direct results of the
failure of the private market to efficiently allecate our land, air
and water resources.

In addition to market imperfections, there are political
forces that inhibit the resolution of environmental conflicts.
While these problems often spill over from one political jurisdic-
tion to the next, there is no corresponding flow of governmental
authority. BAnother difficulty is that decisions are made at
localized levels where parochial considerations usually take pre-
cedence over the interests of broader-based constituencies.

This framework suggests some guidelines for decision-making
in the public sector. The first issue to be confronted by policy-
makers is determining the proper sphere of action in which a
problem should be handled. To deo this, it is important to realize
when the private market will or will not work well. Beyond this,
it is important to comprehend the qualitative functional differ-
ence between the public and private sectors in areas such as
the determination of the public interest. It is not enough to
simply reject market allocations--we must be confident that the
new allocative mechanisms (collective action)} will be better than
the old.



CHAPTER 1

THE FRAMEWORK FOR ANALYSIS

I. INTRODUCTION

The purpose of this chapter is to provide an anafyticaf frame-
woik within which important environmental problems can be de-
fined, their causes identified, and alternative solutions evalu=~
ated. Such a framework is always a useful tool in the making of
public policy since it gives the decision-maker a convenient
reference through which he can grasp the causes, interacting
elements, and effects of proposed courses of action associated
with complex social problems. In this book, we have chosen to
view some of the high-priority issues facing New England and the
nation from the standpoint of socciaf bafance and efficiency in
the allocation of scarce resources. These are the fundamental
concepts upon which our framework for analysis is based.

An efficient allocation of scarce resources can be defined
as one that is most consistent with the aggregated gecals and
values of the whole of American society, as expressed by a
willingness to pay for goods and services in a private market
economy . This means that resources should be allotted to the
production of goods and services in proportions that are determined
by how much of each good society demands. This formulation of
the concept of efficiency incorporates the notion of social
balance, i.e., the relative propertions of gqoods and seavices
that are preduced in sur economic system musi accuratefy 4cflect
the vafues That society attaches to each geod. This implies
that the allocation of scarce resources also must conform to the
relative desires and interests of the general populace. Hence,
our fundamental objective of improving the overall guality of
life in America can be congsidered synonymous with achieving the
goal of efficiency with social balance in the allocation of
scarce resources. This will be discussed in more detail in the
following section.
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We have taken this orientation because environmental diffi-
culties in the areas of electric power production, shoreline rec-
reation, and air and water pollution are a direct result of a
misappropriation of our most basic natural assets--unspoiled land,
fresh air, and clean watcr--in the absence of any effective arti-
culation of their value to the American pecple. The lack of re-
sponsiveness to such value on the part of cur allocative system
has led te the widespread misuse of these scarce land, air, and
water rescurces, Recognition of this fact leads us to an exami-
nation ©f the allocative mechanisms that we rely on to articulate

and respond to our overall goals, values, and interests.

In this country, the allocation of scarce resources has al-
ways been determined within the economic environment of the pri-
vate manketplace operating under constraints imposed by the pofi-
tical axena. Historically, the early concept of laissez-faire
and an unregulated market has been modified to the point that
today it is generally acknowledged that there exist fhtee broad
areas within the economic envireonment in which goals of public
policy should be defined and collective action taken in the pub-
lic interest, These areas include:

1} economic stabilization and growth
2) the distribution of income
3 allocative efficiency and social balance

In the first two categories, governments have customarily exer-
cised their influence by designing policies to combat inflation,
decrease unemployment, or transfer income to the underprivileged
through varicus social security programs. In this bock, we are
concerned primarily with the third category. In seeking efficiency,
we need to develop a rationale for collective actions and an un-
derstanding of the consequences and implications of such actions.
We do this in the following section by exploring in greater de-
tail the fundamental precepts of economic efficiency and its rela-
tion to social balance. This then will provide us with the frame-
work within which we can formulate some general guidelines for

decision-making in the public sector and from which we can
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approach the critical problem areas of particular interest in
the following chapters.

I1I. RESOGURCE ALLOCATION BY THE PRIVATE MARKET

1. The Concept of Economic Efficiency

In speaking of an economic "good," we are referring to any-
thing that society desires, be it physical, psychological, es-
thetic, or otherwise. Clean air and public beaches can be thought
of as goods in this sense, along with automobiles, televisicn
sets, electric power, haircuts and other familiar commodities.
Since a limited amount of resources is available to our society,
each good can only be produced up to a certain maximum level,
assuming the levels of all other goods are held constant. We
will achieve this level only if we make efficient use of all the
resources at our disposal, i.e,, labor, technology, and natural
resources. If two or more goods are te be preduced, many combi-
nations of the levels of each good are possible with the efficient
application of resources--but efpicicncy Arequires that fe have
mone of one good implies fhat we must have Less 0f othexns.

This concept is illustrated in Figure 1.1, a graphical repre-
sentation of what is known as a production-possibility curve for
a hypothetical economy in which only two gocds are available to
society--electric power and coastal land use for recreation. The
curve shows that if no coastal land is devoted to recreation
(Point 1}, we can obtain a certain very high level of power pro-
ducticn by locating plants at the coast (where the required
cooling water supplies are available). Similarly, if n¢ power is
generated, all the coastal land could be used for recreation
{Pcint 2). Between these two extremes there exist many production
combinations of the two goods (Points 3,4,5, ete.} all of which

represent an efficient use of the land, labor, and technical re-
sources available.

This points to an important concept, i.e., there is no single
most efficient production combination with its corresponding al-

location of rescurces; rather, a distinction is made between ef-
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afficient aliocations
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Figure 1.1 Production Possibility Curve for a Two-Good Economy

f§icfent and {nef{f{i{cient allocations. An inefficient allocation
of resources implies that we could have more of one good without
reducing the amount that we can have of the other good (assuming
that society always prefers more of a particular good tc less).
Point 6 in Figure 1.l represents an inefficient allocatieon since
it does not lie on the production possibility curve; hence,
society could move toward point 3, 4, or 5 and be better off,
This means that a more efficient appropriation of resources could
enable us to have more power without decreasing the amount of
recreaticnal land available, or vice versa. This might come
about, for example, if previgpusly unused technological capabili-
ties were employed to increase the generating capacity of a given
station; if new construction methods were developed so that a
power plant reguired less coastal acreage; or if imperfections in
the market were corrected to avoid inefficient use of coastal land.

In reality, the production-possibility curve is a multi-
dimensional surface, a complex representation of the production

combinations of all conceivable goods and services. However,
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the concepts of efficiency and inefficiency and their distinction
remain unchanged. It remains to be seen how the values of society
(social balance) can be included in the analysis. The guesticen
is: which of the efficient production points is most consistent
with the overall desires of the American citizenry? The answer

to this question lies in the theory of the properly-functioning
market.

2. The Properly-Functioning Marketl and Social Balance

The private marketplace is the mechanism through which soci-
ety exercises the cheice among the combinations of goods it might
have. Taking the distribution of income as given, a propernly-
functiconing market translates aggregated personal values into de-
sired amounts of production through the workings of the price-
profit system. The price mechanism brings about effective propor-
tional representation of individual values--as reflected in a
willingness to pay--through the "vote" of the dollar. The
profit-incentive mechanism brings about efficiency through the
flexibility of decentralized, unrequlated decision-making which
allows resources to be channeled to their most valued use. In a
properly-functioning market, competition among buyers assumes that
goods and services will be allocated in conformity with the rela-
tive desires and abilities of the participants to pay. 1§ cex-
tain basic conditicns ane met, there will exist a set of market
prices such that profit-maximizing firms and benefit-maximizing
consumers who respond to those prices will automatically direct
the economic system into an efficient allocative position that is
most consistent with the aggregated values expressed by society.
We term this position the optimal allocation since it is both
efficient and consistent with society's desires. It is important
to note that there is an optimal allocation for every distribution

of income since values will change in general as the income dis-
tributien is varied.

If tha private marketplace always functioned in the proper
way (all assumptions and conditions fulfilled}, the necessity for

collective action to help bring about efficiency would be mini-
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mal., There are those who argue2 that the unregulated market sys-
tem in almost all instances benefits the public in attaining
efficiency since the market can provide "unanimity without confor-
mity" and "effective proportional representation" of aggregated
individual preferences, However, even the most loyal defenders

of the competitive market admit that there are certain circumstances
in which markets fail to preovide certain desired outputs and
underproduce ¢thers. Such inefficient situations come about

when the conditiens and assumptions upen which conclusions are
made about the effectiveness of a market system are not satisfied
in realityl! It is important now to determine the circumstances

in which the private market does not work well. We seek to
discover what steps might be taken within the institutional
environment to correct for the inefficient production of goods
{due to a misallocation of available resources) and bring about
efficiency with social balance.

3. Market Failure

What then are the conditions necessary for markets to func-
tion smoothly and which, when viclated, lead to market failure?

The ones most germane to this analysis are as follows:

1 information must be available

2) the price of a goed must reflect the tetal social
cost of its production

3} the characteristics of geoods and services must

meet certain criteria

1; Information is an important factor in any efficient
operation, Producers need knowledge of available technologies,
demand, potential markets, and the costs of inputs. Consumers
need to know what goods are availakle and what their character-
istics are. Both need to know the relevant set of prices.

In some instances, information may be scarce, costly, unreliable,
or hard to understand, interpret, and evaluate without special

training.

2) The ptice of a good must reflect the true cost of lost
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opportunity to society, i.e., the value for other uses that is
given up when the good is consumed for one particular use. The
efficiency-seeking mechanisms in a properly-functioning market
require that the gocial benefits of consuming a particular good
must exceed the social cost of lost opportunity (thereby making
society better cf£f). It is this total cost to society that must
be reflected in the price of the good.

3} The characteristics of goods and services must meet
certain criteria in corder to be suitable for allocation by a
private market system. One such criterion is that there be
no violation of the excfusion principle: i.e., pricing demands
the possibility of cost-free exclusion of non-buyers from the
uge of the product. This may be technically impossible or expen-
sive. The classic example is naticnal defense, where use by

cne person neither diminishes nor excludes availability to others.

We can generally classify goods that wiclate the above con-
ditions as pubfic or cofleciive goods since they are in need of
some institutional involvement to correct allocative deficiencies
of the private market. Public goods are most often characterized
in the following ways:

1) It is impossible to price the good correctly due to
difficulties in measurinhg the amount of benefit derived and in
translating this into revenues--thue socdaf cosf not nefleeted in
pAice;

2) The basic values of society make it desirable to keep
the goed out of the private market system. Police and fire pro-
tection and public education are examples of public goods that
could be produced in the private market but are not, since soci-
ety places large value on the idea that everyone should derive
equal benefit from such institutions regardless of income distri-
bution--ne exclusion should ex{st;

3)  There are exteanafities or side effects associated with
the production and/or consumption of the good, These effects
come about when the production of certain goods affects other de-

cigion-making units which are not doing the producing or the con-
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suming. Side effects are not included in the price of the good
since there is no mechanism by which the external costs to soci-
ety can be returned to the producer as the cost of a factor input

to production--pofluficn is the classic gxample.

These characteristics point to the breakdown of the price
mechanism in the alleocation of public goods since they all in-
volve vioclations of the conditions of a properly-functioning
market, The crucial peoint that must be reemphasized is that
frequently the total opportunity costs to scciety are wef reflected
in the price cof goods. Althcugh the overall social costs of
having an individual consume/produce (or not consume/produce}

a particular commodity may exceed his private costs, he will
base decisicns only on his private costs. The private market,
left alone, tends to produce teco many piaivafe goods and too

few pubfic goods., This happens because the public goods are
undervatfued by the private market and are unable to compete

on an egual footing with other goods in the allocation of scarce
rescurces. For this reason, some form of collective action

is required in order to maintain social balance and achieve

an efficient resource allocation consistent with the coverall
goals and values of society!

We are now in the position to make the connection between
the scarce natural assets of unspoiled land, fresh air, and clean
water and their allocation in a private market economy. It will
soon become clear that these assets should be considered to bhe

public goods in every sense of the word.

IIT. ENVIRONMENTAL RESOURCES AND MARKET FAILURE

The rationale for regarding our scarce environmental re-
sources of land, air, and water as public geoods is based on the
fact that there are substantial undesirable sociaf sdde effects
that accompany their use in our economic system. Since these
effects are in no way evaluated and translated as a factor input
to the production process, the private market has failed to allo-

cate our natural assets according to the true values of society



14 The Framework

as a whole. Market failure in the critical problem areas that

we have chosen for study has come about as a result of such
extfernafities in the allocation of cerastal land, urban air, and
ocean water, These resources can no longer be considered "free"
and limitless in a rapidly-expanding economy since their unregu-
lated usurpation has led to significant, unaccounted-for disbene-
fits to the health and well-being of a great number of American
citizens. Each c¢ritical problem area that we have studied can

be shown to qualify as a matter for public concern and collective

action due to market failure in the presence of externalities,

1. Coastal Land Use for Public Recreation

Historically, those uses that could pay the highest prices
for cocastal land have preempted most of the shoreline, These
uses have most freguently been for industrial and commercial de-
velopment, housing, and private recreation, all of which have for
a long time been well established in the competitive marketplace.
The allocative mechanisms of the market have functicned well with
regard to the distribution of coastal land among these competi-
tors. Unfortunately, public recreation has never been able to
participate effectively in the competitive process since the bids
for land from other uses have far cutstripped those for pub-
lic recreation. The result is that only a small percentage of
the entire American shoreline--about five percent--is in public
hands for recreation. This has come about because there has been
no effective mechanism by which the recreaticonal, esthetic and
ecological values of shoreline resocurces to an entire region can
be reflected in the price of coastal land. The greatest diffi-
culty in this regard has always been to put a price on certain
values, much less find a way to translate these values into reve-
nue. Yet the private market demands that these be done by any
use which seeks to compete for control of coastal land. Our
state and local governments, subject to increasing financial
stress and the pressures for continued economic development,
have been unable to adequately represent in the economic arena
the true value of shoreline recreational opportunities to their
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constituents. Thus the cost of lost opportunity for recreaticn
to regional scciety is net effectively represented in the compe-
titive bidding for coastal land. This side e¢f{fect of lost oppor-
tunity indicates that our shoreline resocurces must be allocated
by gome mechanism other than that provided by the private market

in its present form.

2., Air and Water Pollution

The problems of air and water pollution are classic examples
of external effects and cccur largely because of the difficulty
in imposing direct monetary responsibility on those who benefit
from pollution. The desire at every private level to minimize
costs, coupled with the traditicnal notions regarding air and
water as limitless resources to be used freely by all who desired
to do so, has led to a gross misuse of these environmental assets.
This misuse has given rise to the all-too-familiar harmful side
effects that pollution has on human health, plant and animal
vitality, and the overall human environment., In addition to
these immediate disbenefits, pollution can destroy some of the
major productive assets upon which cur future prosperity rests.
These effects most often accrue to persons other than those
whe are directly involved in the production or consumption process
of a particular geod. Yet there exist nc mechanisms by which
the costs to society associated with these effects can be returned
to the preducers as a factor input to production.

A good example of the externalities associated with pollution
is the case of a paper mill located in a town on a rural river.
Assuming the river is not privately owned, the owners of the
mill will consider the local air and water supplies to he free
receptacles for the discharge of their effluent wastes. S5ludge,
chemicals, and heated water may be emitted into the river, while
smokestacks may spew out gases containing pollutants(such as
sulfur oxide and particulate matter} as well as creating an
offensive odor. While the air and water may be free to the
paper mill, they are certainly not so to the residents of the
town or of a community farther down the river. These people
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pay for the air in the form of decreased health, greater maintenance
bills, and an overall degradation of their physical environment;
and they pay for the water in the form of decreased recreational
and esthetic enjoyment since the discharges of the plant may foul
beaches, destroy fish and other wildlife, or create unsightly
slicks. Yet again there has been no way for these costs to society
to be transferred to the paper mill as a true cost in their manu-
facturing process. If this could be done, the paper mill would
look for an alternative disposal scheme that would be consistent
with the values of the water to the surrounding area (assuming

that the social cost of the pollution is greater than the cost of
abatement} .

3. Electric Power Production

An important factor in the recent difficulties faced by
electric power companies in meeting the rapidly-increasing de-
mands of urban residents has been the unwillingness of the gener-
al public to accept any longer the harmful side effects that
power production has on our envircnmental resources. Fossil-
fired generating stations are heavy contributors to the problems
of urban air pollutiocn; nuclear plants create serious temperature
increases in cooling waters which endanger the ecological systems
of rivers and bays; and the location of power plants at coastal
sites excludes large portions of the intrinsically valuable
shoreline from use by the public for recreation, esthetic enjoy-
ment, and wildlife preservation. Thus, the question of electric
power production has associated with it all the external effects
on environmental resources and their use by the public that we

have discussed in the previcus sections.

4. Summary

The problems that we have examined in this book, including
shoreline recreation, air and water peollution, and electric power
production, all fit within the econcmic framework of market im-
perfections in the form of externalities that lead to unaccounted-
for social costs. Since the costs to society associated with

these side effects have nct been articulated in the private market,
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serious misallocations have occurred that point to the need for
collective action in the public sector. This then leads us to a
discussion of the political environment within which the private
market operates. We will find that in this arena also there are
barriers to effective action. By discovering the political as
well as economic shortcomings in our allocative system, we will
set the stage for the development of guidelfines for decision-
making in the public sector with regard to the careful allocation

of our scarce envircnmental resources.

Iv. POLITICAL BARRIERS TO EFFECTIVE ACTION

The preceding sections have considered environmental prob-
lems from a primarily economic point of view. In addition to
the difficulties posed within this framework, there exist some
serious pelitical barriers to effective solutions through collec-
tive action. Such cobstacles are the result of two interacting

forces:

1) Environmental problems such as coastal land use and
air and water pollution are nof restricted to town lines, state
borders, or other political boundaries--they spiff cver from one
political jurisdiction to another;

23 Political decisions contrelling the allecation of en-
vironmental resources that may affect an entire region are often
made by {focal governmental hodies, who weigh costs and benefits

as they apply to the local community only.

Thus the problems of environmental resource allocation exhibit a
common political nemesis--"the stifling effect of jurisdictional
boundaries which, by a curious osmosis, permits the diffusion of
problems throughout the region, while blocking any corresponding

flow of governmental responsibility."3

1. Jurisdicticnal Spillovers

Spillovers between neighboring political jurisdictions are
commonplace, The effluent discharges from chemical plants and

01l refineries in northern New Jersey contribute substantially
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to the foul air over New York City. Discharges of heated water
and industrial wastes from power and manufacturing plants located
on the Connecticut River in New Hampshire affect the fish life,
recreational activities, and other uses of the water by neighbor -
ing vermont, Similar situations can be found whenever two or
more jurisdictions are situated on a common body cf water, are
affected by the same air masses, or share in the use of a unique
recreational land rescurce. In these situations, when problems
arise that adversely affect the parties that share in an envi-
ronmental resource, there is a common benefit to be derived in
taking collective action on a cooperative basis to ensure an al-
location consistent with the interests of all who are involved.
However, when benefits accrue primarily in one locale and costs
in another, there £4 often no polditical framewonk within which
the nesufting conffict can be sescfved. Pollution laws enacted
in cne municipality do not apply in another. Regional authori-
ties seem to lose their "teeth" when real conflicts of interest
arise between states. And even when one political unit decides
to take action, its efforts may be negated by a lack of coopera-
tion from adjacent governmental bodies. For example, for a long
time New York City was unable, without resorting to legal means,
to obtain compliance with its pollution regulations from New
Jersey polluters, even though an estimated one-third of New York
air pollution originates in New Jersey.4 In anothex case,5 a
federally-sponsored multistate conference dealing with the clean-
up of Lake Erie was temporarily disbanded when the governors of
New York and Pennsylvanja withdrew their representatives on the
grounds that the problem was a matter for the states to solve on
an individual basis. A final example6 is that of the New England
Interstate Water Pollution Control Compact, a regional authority
authorized in 1947 to classify sections of rivers and streams
according to a scale of potential water uses. Recognizing the
various problems presented by water pollution, this regional body
analyzed each situation on a cost-benefit basis and adopted a formal
classification system. After approval of classification, each

state was to hold the responsibility for obtaining action by munici-



The Pramework 15

palities and industries for the installation of water treatment
works. Although the number of these treatment plants was re-
ported to have increased, by 1965 the quality of the rivers and
streams in WNew England had not improved substantially. This hap-
pened because the regional bedy had no power beyond the recommen-
dation stage. Most treatment plants that were built provided only
primary treatment (which removes only a small percentage of many
harmful pollutants}, and in cases where a technically complex

and expensive treatment process was required (often the case with
many dangerous industrial wastes), aue action was taken. There
was no political means by which pressure could be brought to bear
on the states involved to reguire more effective abatement pro-

grams within their jurisdiction.

2. Localized Political Decision-Making

The problems of jurisdictional spillovers would be relative-
ly nonexistent if localized decision-making units were to con-
sider the costs and benefits that accrue to aff who are affected
by a particular resource-consuming enterprise. But this deces not
happen generally, as can be illustrated by looking at the deci-
sion-making process involving, perhaps, some coastal zone project
such as the location of a power plant on a beach shoreline. It
is important here to distinguish between two types of benefits
(or disbenefits) of such a project--d{kect and indinect. Direct
effects are those that accrue to the consumers affected by the
project--the user of the power supplied, the former bathers on
a closed beach, the breathers of polluted air, the viewers of
marsh wildlife, ete, All of these effects are felt both by the
local community and by the regional society. Yet only those
benefits (or disbenefits) that accrue to the £ocat populace enter
inte the decision, The community may be willing to give up beach
or bluff property to have a power plant, but this may not be an
efficient allocation for that resource on a regicnal basis. How-
ever, the "votes" of the region are not counted~~only those of

the local community affect the decision!

We might ask why a community would be willing to give up
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this valuable property in such a way. The answer is that the
local community within its own particular economic and political
context is also subject to a second type of benafits-—inditect

or AQcOndaug'effects. Thease effects accrue tc the suppliers of
the resource that make the investment possible. Construction
workers who build the plant will spend a substantial portion of
their paychecks in the locale of the plants, certainly benefiting
local merchants, doctors, and bar ownerg. These people, in

turn, spend some of this money in the locale, and so on, in

the traditional multiplier effect. values that arise in this
manner are also called parochial benefits and include the net
effects on job availability, local payrolls, retail earnings,

and the broadening of the tax base fusually a very powerful
factor). For the local community, these benefits are very real;
but considering the regicnal economy as a whole, they are not

net benefits since parochial effects associated with one location
will be about the same as those associated with an alternative
site (barring large unemployment differentials}. Thus, parochial
penefits represent a transfer payment from one place in the
economy to another, with no net regional benefit associated

with the choice of site (even though there is a net benefit

to the particular community chosen). Yet parochial benefits

can be overwhelmingly important to political bodies representing
the local community. As a result, a local community can rationally
view a project in a very different manner from that in which

the regional economy as a whole views it. The region and the
local community feel positive and negative direct effects--the
community alone feels the positive parochial effects. These
added benefits may persuade a community to act in its perceived
self-interest and approve a power plant siting, with ne¢ considera-
tion of the negative direct effect to the region as a whole, i.e.,
the loss of a valuable stretch of beach for recreational use.

3. Concluding Remarks

Within the public sector there are certainly many other
political barriers to solving environmental allocative problems,
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including bureaucratic inefficiency and sluggishness, conflicts
over jurisdictional prerogatives, and susceptibility to various
forms of narrow political pressures. However, the two difficulties
presented here are felt to be at the core of the contributions

made within the political arena to the misallocation of environmental
resources. These two problems have been dealt with specifically

in Chapters 3 and 6 of this book. Chapter 3 deals with the

problem of lecalized political decision-making with regard to
recreational resources in the coastal zone. Chapter 6 is addressed
to the general problem of jurisdictional spillovers and develops

a possible structure for a #egional government in the New England

areaqa.

At this point, we have completed the development of an eco-
nomic and political framework from which we can view the problems
addressed in this book. Within this framework we can now formu-
late some general guidelines to assist in the decision-making

pProcess in the public sector.

V. GUIDELINES FOR DECISION-MAKING: THE ROLE OF GOVERNMENT

We have shown how an unregulated private market within
a political envircnment of localized decision-making tends to
overproduce private goods and underproduce public goods=--such
as pollution abatement, public beaches, etc.--through a failure
to efficiently allocate resources in the presence of externalities
and unacecounted-for social costs. These costs accrue in the
form of lost opportunity to persons oiher than those who are
deing the producing or consuming (or who otherwise make allocative
decisions), Hence, society may choose to %efect market solutions
to allocative problems involving public goods {such as land,
air, and water) out of a concern fer the proper valuation of
side effects like damage to the quality of man's natural environment.
This establishes a firm basis for collective concern and public
action, but general guidelines by which governments should carry
out this action are yet to be determined. 1In this section we
attempt to develop such guidelines and comment on their applicability
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to the topics discussed in the remaining chapters of the bock.

There are two fundamental questions that must be answered
regarding decision-making in the public sector. The first of
these is, what is the proper sphese of acfion in which a given
problem should be handled? The second is, how should we go about
making decisions within the appropriate sphere of actien? Each
of these guestions has both economic and political aspects, as
one might expect in view of the dual nature of the environmental

problems themselves,

1. The Sphere of Action

In speaking of a proper sphere of action, I mean that there
is a particular insfitutdicaal cavinenment within which certain
problems can be dealt with mogt effectively. In many cases, the
environment of the private market and localized political policy-
making is perfectly adequate for the making of allocative deci-
sions, But when this environment is found to be deficient, as we
claim it to be in the case of environmental resgources, it must
be modified or replaced, based upon a careful examination of the
available alternatives, both economic and political. In the
political arena we must look carefully at which level--federal,
state, local--or which combination of levels is best suited to
manage the problem, and whether or not some form of recrganization
is needed. In the economic arena, the possible alternatives
includo: 1) reliance on some sort of adfusfed market system;

2) nure ecollective action (economic or political} cutside the
private market: or 3) some combination of the two.

In choosing among these alternatives, there is considerable

advantage in knowing when markets do and do not work well.

In addition, it is of major importance to understand the quaf.i-

fateve gunctionafl difference
fectors.,

between the public and private
Government policy-makers must determine how (if at

all} the market can be revised to do the job, and what actions
should be taken if the market cannot be adjusted properly.
Convincing arguments can be made to the effect that market adjust-

ment is preferable to most other collective actiens on the grounds
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that it preserves the clear advantages of {1¢¢ and decentralized
decision-making, greater ffexitility in attaining efficiency,

and more effective piroporticnal teprcsentation of individuals®
values through the dollar "vote." If such an adjustment is

not possible, policy-makers may attempt to simufate the market

to determine what outcomes would resuit if the market were working
under the proper conditions and then take steps (through legislation
or public spending) to bring about these desired outcomes.

If this fails, government may find it necessary to take pure
collective action in the form of prohibitive laws or regulating
agencies to directly contrel an otherwise unmanageable situation.
The proper sphere of action as discussed here must be determined

by a close examination of the nature of each particular environmental

problem and the availability of appropriate public policy tools.

2, The Decision-Making Process

The second major consideration pertinent to the management

of environmental resources in the public sector is the question
f hew decisions are to be made regarding allocation anong com-
peting uses. If we conclude that the mechanisms of the private
market are to te abandoned, then the state and federal manage-
ment authorities must have some alternative means for deter-
mining what is an efficient allocation of those resources. This
must necessarily involve the determination and articulation of
the public interest. In the private market, goods have a mech-
anism {price-profit system] whereby the demands of individuals
can be felt; when the aggregate of individual demands is high
enough, private producers will attempt to satisfy those demands.
Thus, many individual preferences can be satisfied since each
in@ividual's "vote" (in dollars spent) goes relatively far in
determining the available supply. Whenever encugh individuals
want something at a price, there is an incentive for someone to
proeduce it at a profit. Public goods differ in that private
markets fail to respond to the entire range of individual de-
mands, giving rise to a need for collective action. The ocuestion
is, how can individual preferences for these goods be summed to
determine if the aggregate benefit is sufficient to justify the
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total cost? This is a central guestion in the area of welfare

economics, and the resolution of the issues invelved must ulti-
mately play an important role at the federal and state levels in
the formulation of management policy concerning the nation's en-

vironmental assets.

A number of theories7 have been set forth involwving this cru-
cial determination of the public interest. The point of view of
an aggregaled sociat welfane furction holds that society main-
tains a hierarchy of priorities based on collective values,
inviting a search for the articulation of these prioritieg within
the political process. A fundamental guestion to be dealt with
in this regard is: Are these social priorities effectively arti-
culated through the democratic political process as it now exists
so that decision-makers are adequately equipped to act in the
public interest? Another point of view is that of wiffingness to
pay, which holds that the maximum amount of resources that con-
sumers are willing to pay for a good is a valid measure of its
value. This can be expressed as a willingness to pay additional
taxes, user fees and other charges; to give up the consumption of
certain goods: or to pay a higher price for other goods. The
primary objection to this scheme is based on the difficulty in
measuring the willingness to pay for pubfic goeds that are not
"unitized"” and whose benefits to an individual are hard to deter-
mine. Cost-benefit analysis uses willingness to pay and appears
to have, in some cases, the potential for effective simulation of
the working of a properly-functioning market in the allocation of
public resources, usually on a project-by-project basis.

Whatever the method used to determine the public interest,
an important issue that must be dealt with is that of equify in
the determination of who should benefit and who should pay, and
in what amounts. Should two plants that discharge the same
amount of air pollutants but affect the environment differently
(because they are in different locations) be treated egqually?
How do we transfer the costs of water pollution from those who
are not involved in the production/consumption process toc those
who benefit directly from the "free" means of waste disposal?
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should we charge user fees at a city beach which might help fi-
nance the project but have an effect on the ability of poor people
to use the facility? These are just a few of the questions of
this nature that pclicy-makers must deal with before giving ap-
proval to any particular proposal. It must also be realized that
government policies themselves may bring about side effects that

must be accounted for within the framework of overall geals.

While there seem to be no clear-cut indications that any
method of determining the public interest is superior to the
others, this is no excuse for inaction--attempts must be made to
determine the values of society. Perhaps the answer lies in some
combination of the viewpoints of nepresentative polifical consen-
sus (based on overall social priorities) and cosf-benefif anafy-
444 (based on willingness to pay) as effective measures of the
public interest. The important point is that some determination
must be made, at all levels, before we can claim that any new
framework for environmental resource allocation is betfer than
the old one of the private market and localized political deci-
sion-making. The fact that confrontations with the difficulties
in articulating the public interest have been avoided in the past
has allowed the environmental prohlems to continue unchecked for

SO many years.

Having now completed the description of a framework for
analysis and a general orientation from which to view the deci-
Sion-making process in the public sector, the final objective is
to show how this framework has been applied to the critical prob-

lem areas.

3. Applicability to the Critical Problem Areas

The reader will find in the subsequent chapters that the
appropriate spheres of action for the chosen problem areas cover
2 broad range of policy alternatives. In Chapter 2, we propose
that many of the environmental problems related to electric
power production can be solved through fechnofegical {nncvation
and can only be managed as part of a coordinated effort, at the

federal level, aimed at formulating a national energy policy.
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In Chapter 3, we have concluded that the problems of shoreline
recreation and coastal land use can only be attacked by more
breadly-based goveanmental unats than local communities, while
the private matket musi be modified cn else abtandoned in the allo-
cation of valuable shoreline resources. in Chapter 4, we have
concluded that the control of sulfur oxide air pollution at the
ioral level can best be affected within the present political and
legal environment by adjusting the constnaints on the private
manket to correct for allocative deficiencies. In Chapter 5, we
have stated that the serious pollution of the water in Boston
Harbor could be significantly reduced using preven anrd commondy -
wsod technolegy for the disposal of ¢ludge from waste-treatment
plants. Finally, in Chapter &, we have directly addressed the
problem of jurisdictional spillovers by proposing the heorgandiza-
tion of New England geveanmend at a hegional fevel.

With regard to the determination of the public interest in
the projects undertaken, we recognize that the usefulness of
alternative technigues is a function of the overall magnitude
that a given proklem has reached. Since the problems of environ-
mental misuse have gone unattended for so long, they are at the
point where something must be done immediately to reverse the
trends of continuing degradation. In this situation, we feel
that the overall values of society can be clearly articulated
through political processes, especially in these times when
public concern for the environment is so effectively mobilized
and widely publicized. Citizen groups across the natien have
acted to halt the construction of power plants, to aid in cleaning
up rivers and olil-fouled beaches, and to protest the contamination
of the air we all breathe. Certainly, issues of environmental
quality are among those in the forefront of domestic priorities
in America today. Thus, we have not perceived the need to go
beyond this generalized articulation of the public interest
through representative pelitical consensus. The very nature
and scope of the prohlem areas that we have chosen to examine
are such that we cannot hope to achieve the optimal allocation

of our environmental resources overnight; rather, we seek to
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take major strides in the #4ight dirceiiown, one that will bring

to a halt the dangercus misuse of our wvaluable natural assets.

Alternatively, an accurate determination of the public in-
terest becomes crucial when the scope of a given problem is more
narrow. Decisions as to the location of a particular pewer plant
on an estuary or the bullding of an o¢il refinery near a coastal
peach demand that careful attention be given to the evaluation
of the values of people in the region affected. As progress is
made in the reduction of pollution, sophisticated techniques may
be necessary to determine at what level society is willing to
live with pollution and beyond which it is not willing to make
the sacrifices necessary to reduce it further. The same sort of
thing applies to electric power generation. There will always
be a point at which these kinds of tradeoffs will be necessary,
and we must be equipped with the pelicy tools that can effec-
tively confront such issues when they occur. While we have not
felt the need to deal with these more detailed questions expli-
citly in our analyses due to the broad scope of the topics dis-
cussed, we recognize them to be among the most important public
policy-making issues to be faced in the management of the envi-
ronment in the future.

4, Concluding Remarks

In concluding this chapter, I would like to emphasize one
important theme that is repeated throughout the book. Society
must come to realize that we are only cheating ocurselves if we
equate the goal of a higher natiocnal output with the desire to
improve our overall standard of living. The public must become
aware that Gross National Product is only a measure of market
guantities at market prices and is not adjusted for the negative
influences of social costs due teo side effects such as pellution.
It is time to set our goals according to some measure of our
neal standard of living, in terms of guaf.ity rather than those of
quantity. We must recognize that the satisfaction of our in-
creasing demands for goods and services cften comes at the ex-
pense of the quality of our environment. We must somehow seek

out and accept a compromise with nature.
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by

Dennis W, Ducsik
Paul Mertens
George Neill

ABSTRACT

It is increasingly evident that utility companies are hard
pressed to satisfy the rapidly multiplying demands of modern
American society for electric power. While the technology asso-
Ciated with power generation is well-developed, the industry has
been confronted with major obstacles involving social, political,
and economic issues. The most severe controversies have been con-
cerned with questions of environmental gquality, public safety, and
land use priorities in relation teo the selection and approval of
sites for new generating facilities,

In responding teo this situation, we have investigated a new
concept: the siting of electric power stations at offshore loca-
tions. This innovation seems to hold great potential for the
effective resolution of land-use conflicts while having extremely
attractive features in the areas of environmental protection and
public safety.

Our analysis has been directed towards the short-term issue
of determining the technical, economic, and legal feasibility of
this concept. We have concluded that it is indeed feasible from
all these perspectives with no undue extrapolation of existing
capabilities,

What is needed at this point is a careful evaluation of the
offshore concept as part of a coordinated effort at the federal
level directed toward long-range planning and the formulation of
a national energy policy. At present, no centralized governmen-—
tal authority is charged with the responsibility of considering
national priorities, both on the short- and long-term, regarding
this c¢rucial issue of electric energy production. 2An examination
of the issues surrounding the implementation of the cffshore con-
cept would be an all-important first step that would draw atten-
tion to the increasing need for the formulation of a long-range,
national energy policy.
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CHAPTER 2

QFFSHORE SITING OF ELECTRIC POWER PLANTS

I, INTRODUCTION

A number of factors contributed to the selection of elec-
tric power production as a focal point for investigation by the
members of this study group. Certain problems in New England
are shared with other regions of the country, such as the major
role played by power plants in water and air pollution and
the difficulties faced by the utility industry in satisfying
increased demands. These problems alone merit the degree of
attention devoted to this topie. In addition, the New England
coastal area suffers some specific disadvantages, making the
cost of power to both commercial and residential consumers in
this region among the highest in the entire country. This adds
additional aggravation to an already difficult situation,
making the question of power production an acute regional prob-
lem, On the other hand, it became clear early in the study
that the region alsc possesses certain assets, both inherent
and cultivated, that permit the development of a specific solu-
tion to this problem.

The proposed solution to the problem of electric power pro-
duction in the New England coastal area consists of the use of
barge-mounted power stations, constructed in New England ship-
yards and towed to and moored at appropriate offshore sites.

The numerous interacting considerations that led to selection
of this concept and the unusually synergistic features of the
Barge Mounted Power Station {(BMPFS) are described in more detail
in the following sections of this chapter.

II. BACKGROUND

1. The National Situation

During the mid-1960's, the primary issues confronting pro-

ducers of electric power were engineering and economic in nature,
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based on the choice between the use of nuclear- or fossil-fueled
generating facilities. Propeonents of nuclear power generation
emphasized the advantages of using nuclear facilities to reduce
the industry's major contribution to air pollution in dense
metropelitan areas, and to otherwise soften the environmental
impact that large generating plants have on their surroundings.
Another attractive feature was the promise of substantial savings
in the cest of fuel, a major component in overall power costs.
For one early (1965) nuclear plant, the estimated cost of nu-
clear fuel was 16.0 cents per million Btu,l as opposed to the
United States average cost of 25.2 cents for fossil fuel in

the same year.2

In 1965-1966, nuclear power made a sudden breakthrough into
the power production market; between January 1966 and Octoker
1967, orders were placed for 40,000 megawatts of nuclear gene-
rating capacity. This surge was spurred by the extracrdinarily
low prices of the Oyster Creek, Dresden, and Brown's Ferry
Stations in 1964-1965; by the prospect of low nuclear fuel costs
in the face of rising coal costs; by considerable increases in
the price of conventional firing egquipment; by rising ceoncern
for the problems of air pollution; and by the exciting techno-

logical potential for future use of atomic energy.

All these factors made nuclear power particularly attrac-
tive to New England in 1965, when B% per cent of the power used
was being produced by Ffossil-fucled plants, at an oil cost of
34.4 cents per million Btu and a coal cost of 33.6 cents.3
Alsoc, the serious air pollution problem in the Northeast Corri-
dor provided added incentive for the growth of nuclear power in
the region. Hence, by 1969, nuclear power accounted for 8.5
per cent of the total generated power in New England, up from
2.4 per cent in 1965. Although this represcnts a sizable in-
crease, nuclear power still holds a relatively small share of

the total power market.

At the end of 1967, the Atomic Energy Commission (AEC) engaged

Mr. Philip Sporn te prepare an analytical report on develop-
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ments in the power industry from 1962 to 1967. The results of
his investigation were interesting; he reported that, at the end
of 1967, nuclear energy had not progressed appreciably since its
initial breakthrough two years earlier. "Thus, despite in-
creases in unit sizes at nuclear plants of as much as forty per
cent, costs at the newest plants were not expected to he less
than the 1965 level of 22 to 24 cents per million Btu."4

Spern attributed this to more realistic comstruction and fuel
costs than were guoted initially in the unusually intense com-
petitive bidding among manufacturers for the Oyster Creek con-
tract. The ambition to break into the nuclear market caused
many competitors to undertake "cut-rate” contracts, hoping that
losses agsocliated with initial risks would be more than balanced
by future contract awards. Hence, by the time the TVA con-
tracted for its third nuclear station at Brown's Ferry in 1967,
costs had escalated considerably, socaring to 140-150 dollars per
kilowatt of capacity {as opposerd to 115 dollars in 18%66).
Nevertheless, at 22 to 24 cents per million Btu, "nuclear plants
are now regarded as being competitive in all parts of the United
States except those immediately adjacent to the coal-producing
areas. Even so, utility choices in favor of one or the other
fuel are, in present circumstances, by no means simple as there
are considerable uncertainties on both sides."5 Hence, new

plant decisions are being subjected to increasingly stringent
analysis.

In addition to increased construction and fuel costs, other
factors have contributed to the loss of the competitive advan-
tage enjoyed briefly by nuclear power in 1965-1966. One result
of the flood of orders for nuclear plants in 1965 was the "creation
of a number of manufacturing and industrial bottlenecks which have
led to big stretches in delivery time--six years is now guite
quite common and at least one c¢ase has been reported where a de-
livery time of eight years was quoted.“6 These delays involve
huge financial risks to the utilities, especially in these times
of continuing price escalation. Another factor has been the AEC's
stringent safety regulations and criteria that must be adhered to
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in the design and constructicn of nuclear containment vessels,
adding still more to the overall costs. Also, there has been
increasing concern over the potentially harmful ecological ef-
fects of thermal pollution of water resources used for cooling

purpoeses by nuclear plants.

Finally, there has been increasing concern of late regarding
the issue of radioactivity.? Some scientistsB have suggested
that the AFC's minimum permissible radiation levels are too high,
while this possibility seems remote in light of the extraordinary
precautions taken by the AEC, it cannot be denied that such a
statement has a sobering effect on some segments of the general
public, A second and much more serious issue in this regard is
the problem of how to safely dispose of the vast amounts of high-
level radiocactive wastes that will accompany the further develop-
ment of nuclear power in this country. While the use of geologi-
cally stable salt beds seems to provide the best possible alter-
native at present, the long-term seriousness of the handling and
disposal problem continues to make it a topic of great contro-

versy at the national level.g’lo'll

S50 we see that the initially bright prospects of nuclear
power generation have been somewhat tarnished to the point that
there is, at present, an impasse between it and conventional
generation methods. The well-intentioned efforts of the power
community to find alternate means of supplying power without
damaging the environment have brought them full circle to face
the same serious problems, only now they are doubly intense. 1In
the meantime, we have found ourselves face to face with perhaps
the most urgent crisis in the history of the electric power in-
dustry. For the first time, there is doubt that the industry's
capacity will be able to keep up with the escalating per capita

demands of our increasing population.

Some appreciation of the nationwide power preducticn prob-
lem is a prerequisite to the more specific discussion of New
England's regional problems. The rapidly increasing demands of

our automated society for electric energy are relatively well-
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publicized yet nonetheless staggering. These demands for
electric power in the United States double every ten years

thus increasing at a faster rate than the population, the Gross
NMatlonal Product, the Research and Development Budget, the sup-
ply of scientific manpower, or almost any other measure of
growth in our affluent society. We can comprehend the immense
proportions of the power production task by considering that,
in the next decade, "we must add as much new generating capacity
as has been constructed since the invention of the light bulb.
If the increase continues at the present rate, the same amount
cf capacity--as much as has been contructed through 1969--would
then have to be added in the following five years."12 This
translates into an estimate of future loads that will require
over one billicon kilowatts {electric) of installed generating
capacity by the year 1990.

Needless to say, the fulfillment of these requirements
will place sizable burdens upon the resource base of our economy
and, indeed, that of the world. First, if present trends con-
tinue for the next fifteen years, we will nead approximately
&7 per cent more oil, 33 per cent more coal, and 100 per cent
more natural gas than we have consumed to date,l3 while ceontinu-
ing to deplete our stockpiles of fissionable materials. Second,
the construction of large power plants is an extremely expen-
sive affair ($200 million for a new nuclear plant) reguiring
large capital expenditures. In 1960 utility companies accounted
for 20 per cent of all new U.S. corporate bond financing, and
each year 80 per cent of the industry's new money needs comes
from the bond market.l4 The high money rates of recent times,
taken together with rising tax burdens for private utilities,
have increased the carrying charges on power plant investments,
placing a strain on future earnings and causing some companies
to seek price increases from their regulatory commissions.
Third, the site reguirements for large generating stations en-
tail the purchase of several hundred acres of land, freguently
near heavily-populated metropolitan areas where land is at a

premium. Estimates of future demands indicate that over 250 new
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5 Fourth, power pro-

plants will be required by the year 1990.l
duction places severe demands upon our environmental resources
of air and water. It is estimatedls that power stations burning
fossil fuels {coal, oil, natural gas) are responsible for one
half of the sulfur dioxide and one gquarter of the nitrogen
oxides that contaminate cur nation's air. The air-pollution
problem is compounded by the fact that it is most economical,

in the conventicnal sense, to locate generating plants as

close as possible to the load: yet it is here, in the heavily-
populated, industrialized metropolitan areas that the air pol-
lution is most severe., Another matter of great concern is

the effect of discharges of waste heat from nuclear power faci-
lities to lecal cooling water supplies. Such plants operate

at thermal efficiencies much lower than those of fossil plants,
thereby producing more serious temperature increases in cooling
waters. It is estimatedl7 that, by 1980, the electric power
industry will require the equivalent of about one sixth of the
total available fresh-water runoff in the entire nation for
cooling purposes. While cooling towers and cooling ponds are
technically feasible, they can inveolve cost increases of up to
20 per cent of the capital cost of an installed generating
plant, an extremely undesirable (albeit necessary in some cases)
additional economic burden., Apprehension aver the impact of

the resulting temperature increases imposed upon bodies of
water whose life-sustaining capacity is more often than not
already badly weakened by other pollutants (sewage, industrial
wastes}) has led to both national and local restrictive legis-

lation.

To meet the projected demands of the future, the techno-
logy of nuclear generating plants has forged ahead rapidly
since their intrcduction to the power market in 1964, Currently
a number of 1,000 megawatt (electric) plants are under construc-
tion, while it is the general consensus that the 2500 megawatt
{electric) liguid-metal-cooled fast-breeder reactor will re-—
place present light-water units by the 19%0's. Clearly, the ad-

vent of nuclear technolegy has been a major contributing factor
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in the emergence of our nation into what is commonly known as
the "space age." Yet, for all our technological capabilities,
there is doubt for the first time that the electric industry's
capacity will be able to keep up with the rapidly escalating

per capita demands of our population, which is growing both in
numbers and in wealth. Each summer evidence accumulates indi-
cating that the power companies are hard pressed to keep up

with these demands, particularly during peak hours. Many large
electric companies in cities of the Northeast, notably New York
City, have experienced "brownouts" while their appeals to customers
to reduce consumption during peak hours are becoming commonplace.
The occurrence of "brownouts" and “"blackouts" poses a serious
threat to the health, safety, and well-being of the entire nation.
Glenn T. Seaborg, chairman of the United States Atomic Energy
Commission, has speculated on the possible outcries of angry
citizens "who find that power failures due to lack of sufficient
generating capacity to meet peak loads have plunged them into
prolonged blackouts--not mere minutes of inconvenience, but
hours, perhaps days, when their health and well-bkeing, and that
of their families, may be seriously endangered. The environment
of a city whose life's energy has been cut--whose transportation
and communications are dead, in which medical and police help
cannot be had, and where food spoils and people stifle or shiver
while imprisoned in stalled subways or darkened skyscrapers—-—

all this also represents a dangerous environment that we must
anticipate and work to avoid.“l8

One might ask how the present situaticn has come about.
The answer is that a combination of unanticipated circumstances
has "handcuffed" the electric power industry to the point where
it is difficult for them to take the necessary steps to allevi-
ate the pressures placed on them by increasing demands. The
two major stumbling blocks encountered by the utility industry
have been (1) long delays in construction scheduling, and (2)
difficulties in securing approval of site selections for new
generating facilities.
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Dedays {n Construetion Scheduling

A major problem facing the power industry is the continual
slippage in construction schedules and escalation of site labor
costs. This is usually associated with the specialized nature
of the work involved in the traditicnal practice of construc-
ting power stations as one-of-a-kind entities. For each new
facility, a different set of laborers must be recruited,
trained, and organized to carry out the specialized construc-
tion peculiar to that particular plant and geographic site.
This problem is particularly acute in the construction of nu-
clear power stations which must be designed to meet stringent
radiation containment standards, even in the event of severe
seismic disturbances. Although factory-type construction tech-
niques have been utilized in other types of large-scale coh-
struction, power stations are still built using traditional
methods. As a result, we are witnessing inordinate delays in
construction schedules: nuclear plants now take from five to

19 These setbacks in construction

seven years for completion.
scheduling are extremely costly and could wipe out any cost ad-
vantage that one particular type of plant might have over ano-
ther. Also, power ccmpanies may be forced to anticipate delays
by increasing construction lead-times, running the risk of pre-
mature retirement of existing facilities if the construction
schedules are met. BAlso, if nuclear power is to be increasingly
relied upon in the future, the installation of nuclear stations
must proceed even faster than net power demand. The doubling
time for nuclear plant capacity would then be on the order of
seven years, since new demands must he satisfied while old fos-
il plants are phased ocut. Hence, the combination of short
doubling time and long construction time could be a major ob~-

stacle in the way of increased reliance on nuclear power.
Pifficubtics in Secuning Approval of Site Selections

The meost severe problems facing the utilities of late have
been associated with the selection of sites for new generating

facilities. The zituation has been accurately described as
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follows:20

Everyone agrees that electric power supply is vital te

the Nation and that we must find 31tesbfor the power

plants needed to meet the Nation's rapidly expanding

use of electricity. WNevertheless, "Don't Pgt It Here"

ig increasingly becoming the public's reaction to

particular sites selected by the utilities. Further-

more, the electric utilities are facing increasing com-

petition for sites because our land rescurces are limited

and the jingredients of a prime site for electric gene-

ration also make it attractive to many other expanding

industries.

This statement points out the two major difficulties re-
lated to site selection and approval--compefifion from a wide
range of prospective users, and the multiple pressures of pubfic

apiaLon,

Competition for prime sites is not restricted to indus-
trial development, The site that is ideal for electric power
generation is often very well suited for various forms of resi-
dential development, the location of transportation corridors,
commercial development, or recreatien. This competition becomes
especially intense as the utility companies move to acquire
ccastal locations to assure adequate supplies of cooling water.
Yet, as Senator Henry Jackson {D-Washington) pointed out in
his intreduction in the Congress of the National Land Use Folicy
Act,21 many of these areas, "with the benefit of planning and
foresight, should have been reserved for other uses™ such as
recreation, parks, or wildlife preservation. Strong arguments
of this kind have been made (see Chapter 3) as to the need for
preserving coastal resources in recognition of their extremely
high intrinsic wvalue for recreation, conservation, and wildlife
preservation. The present trends toward locating power plants
at coastal and estuarine sites is in direct and irreversible
conflict with considerations of this sort. The State of California
has already located 85 per cent of its power stations on tidal
waters, Of large nuclear units now planned, built, or operated
in the United States, 18 per cent use ocean or bay water as

condenser cooling water and another 12 per cent are sited on
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estuaries.22 If this trend is allowed to continue for the next

20-30 years, 80 per cent of the cooling water for states bordering
on the Pacific Coast and 50 per cent on the Atlantic Coast will

be saline. Even if the ecclogical and esthetic effects of these
plants on the fragile marine environment can be demonstrated

as negligible, the use of large blocks of coastal acreage for
power plant siting censtitutes a loss which cannot be regained

for use by future generations. Careful consideration of this
issue is of crucial importance in the formulation of long-range
planning for land-use management. In addition to market factors,
the utilities are likely to encounter increasingly stringent
constraints on site selection imposed by public agencies, such

as the conservative site standards set by the Atomic Energy
Commission with regard to areas of potential earthguake hazards,
All these factors are further compounded by the fact that the
greatest percentage of future sites is likely to be regquired

in the regions of heaviest concentration of population and existing
plant sites, especially in the Northeast Corridor. It is here
that land is the scarcest, especially at the seacoast.

The problem of public acceptance is primarily one of an
overriding concern for the quality of environment. The areas
of most concern are: (1) the air pollution caused by fossil-
fired plants; (2} the added thermal pollution caused by present-
day nuclear plants; (3) potential radiation hazards related
to nuclear plant operations; and {4) the visval intrusion of
generating facilities on the beauty of the natural landscape,
and other esthetic considerations. Presently, political action
has led to the situation whereby 20 per cent of new plants are
delayed by actual litigation, while 40 per cent are delayed
by general conservation and environmental considerations.23
It is reasonable to expect that problems of this general nature
will cccur more and more frequently, causing delays of increasing
conseguence when considered together with the delays in construction

scheduling.

A most recent manifestation of these multiple problems
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associated with power plant siting can be found in a report
entitled "The Turkey Point Case, Power Development in South
Florida - A Study in Frustration.“24 In this article, Harris B.
Stewart, Jr., Director of the National Oceanic and Atmospheric
Administration's Atlantic Oceanographic and Meteorological
taboratory in Miami, documents an extraordinary chronology of
events (covering a seven-yaan time span) cencerning the location
of a new nuclear power plant to satisfy the increasing demands
for power of the residents of Dade County, Florida. Turkey
Point was about the last remaining section of waterfront in
Dade County available for the needed expansion, a site which was
relatively remote from population (25 miles south of Miami and
5 miles from the nearest dwelling}, was accessible to cooling
water (Card Sound to Biscayne Bay) and the transportation neces-
gary to supply fuel for the units. Yet for the last seven years
the Florida Power and Light Compahy, despite evidence of good
faith on environmental issues, has beenn frustrated at every
turn in its attempts to secure approval of its expansionary
plans, with the most intense pressures coming from conservationists
who feared that the thermal effects of discharged cooling water
might be detrimental to the ecological systems of the area.
The issue has risen to national prominence, while at present
construction ig at a standstill as the fight goes on in federal
courts. In concluding his examination of the conflict, Stewart
reflected on the dilemma:
My personal feeling...is that the real endangered
species in the overall ecosystem is man himself. Those
who now scream that Biscayne Bay is being ruined by the
warm water will be the first to rail against the power
company when a power brownout or blackout occurs. The
problem then is one of the conflicting uses of a re-—
source held in common--in this case the estuaries of
our coastal zone. At the very heart of the problem of
coastal zone management lies conflict between those who
would use the waters for the cooling of electrical power
generating plants and those who would keep our estuaries
in their pristine, pre-man, condition. Some mutually
agreeable meeting ground must be reached. It must not be
considered as a case of power or estuaries, but rather a

case of how to develop the power we require and still
have estuaries that are needed for the development of
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fish and for the many uses to which our growing coastal

population wishes to put them.
Certainly this constitutes an accurate expression of the cen-
tral issue at stake; yet more and more we are finding, tc our
dismay, that the multiple uses which we would like to see sup-
ported by our natural environmental systems are so incompat-
ible that use for one purpose often must necessarily preclude
use for many others. When we are confronted with basic dilem-
mas of this sort, we can only make decisions based on the rela-

tive weights of perceived value judgments of society as a whole.

We can now summarize the primary land-use issue regarding
the siting of electric power plants: we are running out of
usable inland fresh-water cooling capacity:; we are running ocut
of coastal and estuarine land resources for recreation and conser-
vation [(let alone for power-plant siting}:; and we are running
out of patience with regard to the harmful side effects that
power generation imposes upon our environment. Perhaps it is
with the words "we are running cut" that we can begin every
discussion of the allocation of our precicus environmental resources.

S50, having examined these difficulties facing the power in-
dustry, it is small wonder that we are now facing the prospect
of serious power shortages. The most immediate issue we face
teday is not one of reducing high power costs or of choosing
between particular methods of generation (although this is cer-
tainly of great importance from a resource-consumption stand-
point and other long-term considerations of national concern},
"but the vital one of persuading the American people that a
crisis exists right now“25 in satisfying the paeseni needs of
our highly power-dependent society. Sometime in the near future
drastic new approaches must be taken to alleviate the "satura-
tion" problem (of which power production is an integral part)
before we exhaust our technological capabilities to hold back
disaster, before we exceed the ahility of ocur environmental re-
sources to disperse waste, and before we run out of usable land

for recreation or power-plant siting. It is inevitable that
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we face in the long-run some serious tradeoffs (such as that

between undisturbed estuaries and power-generating plants, as

described by Mr. Stewart) given that we continue with our

present patterns of exponential growth in so many areas, Per-

haps we must eventually try to cut back on consumption by

buying fewer air conditicners, television sets, and cars, al-
though this would seem socially unacceptable in our present
democracy. The only neally effective long-run solution to all

congestion-related problems is to attack the scurce of conges-
tion--continued population growth. Yet solutions are afi¢ needed
in the short-run; the vanguard of crisis is here and now. We
must find measures to avert dangerous power shortages with an
eye to the future conseguences of our actions on man's total
environment. Perhaps we are not adequately equipped at present
with the institutional mechanisms {(social, economic, political)
to completely resolve issues of long-term significance brought
on by the preponderance of man's presence on this earth. Until
we become s0 eguipped, we can turn to technoleogy to provide the
short-run sclutions to pressing problems such as the one here
described--realizing at all times that we are just buying time
and that the consequences of failure at some later time may be

all the more severe.

2. The New England Situation

In New England, the reason for special concern is clear.
it is projected that over the next twenty years or so the
power system of the Northeast Corridor will be approximately
3.5 times its present size.26 The problems of air pollution in
most large cities of this region are partially attributable
to the relatively exclusive use of fossil fuels for power genc-
ration. In 1969, 82 per cent of all the power generated in New
England was produced by fossil-fueled plants.z? Increased reli-
ance on nuclear generation has run into the situation where
usable inland fresh-water cocling capacity is already all but
exhausted in terms of allowable ecological margins. While cool-

ing towers and ponds are technically feasible, they involve cost
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increases of up to 20 per cent of the capital cost of an in-
stalled generating plant, an extremely undesirable additional
burden in view of the chronic high power costs in the region.
For nuclear power, the possible cost reduction advantages of
cheaper fuel would bhe negated by pollution control expenditures
of this sort. Table 2.1 shows a comparison between New England
costs and the composite average of all regional costs in the
United States, HNote that, while the additicnal cost of cooling

Av. Price U.5. Composite New England
{Revenue/Sales) {mills/Kwhr) {mills/Kwhr
Residential 20.9 26.4
Commercial

(large light and power} 9.1 14.1

Egtimated Busbar Price
(new fossil-fired plants) 7.16* 7.99%*

Estimated Busbar Price
{new nuclear plants) f.B5* 6 _.B8*

*These figures are estimates based on calculations described
in Appendix A.

Source; Edison Electric Institute, Statistical Yearbeok of the
Electric Utilities Industry for 1962, New York (1970}

Table 2,1 New England Electricity Prices - 1969

apparatus deces not substantially affect residential rates** {on
4 percentage basis), it can have a substantial effect on large

commercial and industrial consumers,; who account for about 35

**Most of the cost of electricity to New England residential con-
sumers (26 mills/Kwhr) consists of transmission and distribu-
tion costs, Large industries can substantially reduce these
costs by locating near the generator (busbar) where the average
cost is close to 7 mills/Kwhr (for new plants}, and by using
power in large block amounts. (See Table 2.1.)
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per cent of the total sales in New England each year, and who
are already paying abnormally high prices (due in part to the
high average cost of fogsil fuel in this region). Here then

is the basic dilemma facing the New Efgland region in the field
of power production: do we relieve the environmental stress
by increasing the price of electricity (at the expense of fur-
ther debilitating effects on the economic posture of regional
industries) or by forcing the power industry to absorb the
costs of additional measures for environmental protection (even
though they are currently facing crises in capital financing,
construction scheduling, and site approval)?

3. The Proposed Solution

A recently-evolving trend places increased emphasis on the
use of ocean water for cooling purposes. There is a certain
amount of conventional wisdom and precedent in this solution.
The State of California, which shares at least superficially
in some of the same power-production problems, has already lo-~
cated 85 per cent of its power stations on tidal waters.28
The present study has led us to the conclusion that the use of
ocean water for cooling is a basically sound concept, but sadly
deficient in the way in which it is being implemented; namely,
through construction of seaside power plants. While adequate
cooling water supplies would be available, all of the major
problems (as discussed above) would remain, with pollution and
land use presenting the most serious difficulties. The land-
sea interface is a particularly vulnerable ecozone whose shallow
waters might still be susceptible to the harmful effects of
heated effluent from a nuclear power plant. Furthermore, as
the study reported in Chapter 3 testifies, the shoreline has an
extremely high intrinsic value for other competing uses such
as recreation and esthetic and ecological preservation.

Thus the heart of the problem, as finally formulated,
appears to lie in how best to implement the use of the ocean as
a heat sink for the effluent discharges associated with electric ‘
power production without encountering the economic, social, and |
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political stumbling blocks in proposals involving land-based
plants. It is in this context that we present a concept that
strikes at the heart of the power-production issue, providing
relief for pressing problems and holding.great promise for the
future. This concept has the relatively unigue feature that

it has the potential for simultaneous solution of the two major
difficulties faced by the power industry--construction delays
and site selection and approval--without placing additional
stress on the financing aspects of the overall situation, while
removing a serious area of contention and conflict from the
already overburdened shoulders of land-use planners. The con-
cept is set forth and examined in the remaining sections of
this chapter.

III. THE OFFSHORE CONCEPT

In recent years the concept of locating large electric
generating stations at offshore sites has gained increasing
attention. There are a number of extremely attractive aspects
to this concept. One is the potential elimination of many of
the difficulties associated with the selection and approval of
sites. Questions of land cost and availability are no longer
relevant; competition with industrial and other development in-
terests would be nonexistent; use of the ocean's capacity for
cooling seems to be the only answer to the environmental prob-
lems of thermal pollution; and siting of plants offshore allows
new flexibility in locating close to the load, especially as
our population concentration shifts to the coastal perimeters
of the nation where land is already at a premium. Hence,
nearly all the problems of land-use management associated with
the siting of power-generating facilities can be effectively
obviated.

The second major advantage of great importance is the
amenability of many offshore designs to shipyard construction.
while U.S. shipyards are presently operating with a backlog of
orders, their utilization is subject to large variations depen-
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ding on the construction plans of the Navy and other military

customers. This is because the U.S. yards are generally not

competitive on the world market; the costs of a given shipyard

product are approximately 20 per cent less in Europe and 35 per

cent less in Japan where shipyards arc larger. Diversion of Amer-
ican shipyards to the mass construction of power plants might con-
stitute a more efficient use of this well-developed resocurce

while having beneficial side effects on regional economies.
Shipyards are geared to hold tight construction schedules. For
example, it is estimated29 that large (43,000-ton displacement)
nuclear-powered containerships could be produced in as short a
time as 18 months at a shipyard price on the order of 4¢ million
dollars. Compared to these ships, a power plant is a very
high~value product: a 1,000 megawatt electric plant now

costs a utility over 200 million dollars. Furthermore, like
ships, power plants could become an important regicnal export
industry. The market for the Eastern and Gulf Coasts of the
United States alone is estimated to average 10 plants per
year,30 worth a total of more than two billion dollars for the

next several decades.

Another benefit, perhaps the most important, is that the
construction of a power plant at a shipyard has the potential
for significant savings in construction time. A shipyard main-
tains the permanent base of shops, equipment, and skilled labor
that is lacking in the traditional methods of power-plant con-
struction. This provides for (1) increased stability of the
skilled labeor force, {2) increases in the efficiency of the
skilled labor force by allowing a Leanning cusave to develop as
additional stations are built, and (3} elimination of duplica-
tive areas of management, management suppert, engineering, con-
struction support, and quality control presently necessitated
by scparate construction locations. Shipyards are also fre-
quently hubs of transportation networks that can use the most
efficient combinations of land, sea, and air facilities to re-
duce transportation costs over on-site construction of land-

based plants. The possibility of shortened construction times
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to help the power industry stay ahead of rapidly-increasing con-
sumer demands, together with potentially large savings in
capital outlays by utility companies for new plants, are most
encouraging prospects in these times when substantial delays in
construction are both costly and commonplace. While shipyards
in other sections of the country could tool up to compete with
those in New England, it is clear that the combined assets of
this region give it a competitive edge due to a concentration

of established firms engaged in large-scale operations in ship-
yard constructicon and in power-plant design, construction, and

operation.

Several designs for offshore power stations have been pro-
posed in the literature. These designs usually fall into two
breoad categories: the basic choice is between {foating plat-
forms or enclosures (indirectly coupled to the ocean floor by
a mooring system), and fixed structures that are solidly at-
tached to the bottom.

Fixed Stauctures
Fixed structures can be of several forms:

(1) Man-made islands

{2} Fixed-pile platforms
{3} Jack-up platforms
{4} Grounded barge

{1} Man-Made Islands

The technelogy of this scheme does not differ in any
appreciable way from that of land-based plants, except in the
added complexities (and cost) of site preparation and transpor-
tation of men and equipment across a water gap. Studies inves-
tigating the feasibility of this concept have been undertaken

on both the East31 and West32 Coasts.

{2} Fixed-Pile Structures

In this scheme, piles are floated or barged to a given

location and erected permanently. A platform is then built
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on these piles, similar to a Texas-tower configuration. Japa-
nese engineer333 have proposed construction of an offshore power
station based on this design. Like the man-made island concept,
this design entails conventional land-based. constructicn tech-
nigues, again with the added complexities of offshore, on-site

construction.

{3} Jack-Up Platform

The power station is constructed in a shipyard atop
a platform egquipped with extendable legs, floated toc the chosen
site, then jacked up on the legs {grounded to the seabed) out
of the water and intc a position similar to that of the fixed-
Pile structure. The jack-up system is generally thought to be
useful in depths up to 250 feet, while 300 feet is accepted as

the practical limit.
{d) <Grounded Barge

This scheme involves the permanent grounding of a
floating bargz-like platform to the ocean floor (in shallow
water) or on a prepared site. The barge and power station are
again constructed in a shipyard, towed into position and then
ballasted until the grounding is complete,

Ffuating S{ructures

A number of designs have also been suggested for floating

structures. These include:

(L} Submersible stations
(2} Ship hulls
(3) Barges

{1} Submersible Stations

This concept is presently under investigation by the
Electric Boat Division of General Dynamics under the auspices of
the Department of the Interior.34 As described in a proposal by
35 . . .
R. W. Marble, this scheme consists of a2 grouping of cylingri-
cal containers enclosing the reactor, steam and electrical sys-—

tems, positioned at sea and tethered to the bottom by a multi-
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point mooring. The position of the station with respect to the
ocean surface would be controlled by ballasting in much the same
way as on a present-day submarine. The best position for the
station with respect to the surface must be ascertained--at
least 100 feet over the main hull section probably would he de-
sirable. 1In shallow water this might demand bottom siting.

A personnel transfer system would be provided by a long access
trunk and elevator to a heliport structure above gea level.

(2} ship Hulls

The U.5. Army presently operates the STURGIS,36

a floating nuclear power station utilizing a small pressurized-
water reactor (PWR) in a conventional ship hull. For the much
larger plant sizes necessary for commercial power generation,
this shape would not be suitable because of excessive stability
problems and the difficulties in designing a suitable mooring,
although the good towing characteristics would provide excellent
mobility for smaller-size plants. Experience with such reactors
aboard a number of naval vessels, including the N.S. Savannahd’
and the 0fto Hahn,38 have indicated that "there are no inherent
reasons why reactors should not be installed on floating plat=-
forms--at least not for pressurized-water reactors., Some con-
cern has been expressed in the past about the performance of
beiling water reactore on ships...under conditions of reoll,
pitch, and heave. Several studies, plus the performance of the

0ttv Hahn, suggest that this is not a serious problem.“39

{3) Barge-Mounted Power Stations (BMPS)

This concept involves the location of a power plant
on a floating barge, buiit in shipyards and towed to and moored
at appropriate offshore locations. One possible configuration
that has bheen suggested in a recent study40 consists of a rec-
tangular barge supporting the reactor and its containment dome
in the center, surrounded by the Personnel and Generator
housings. Access for operating and maintenance personnel could
be provided by a causeway, while docking facilities could be

constructed if boat transportation proved more economically or
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technically attractive.

It should be noted at this point that determination of the
technological feasibility of the offshore concept should not be
restricted to consideration of nuclear plants alone. 1TIn many
respects, the issues are independent of the type of power plant
that is located offshore. It may be that locating fossil-fired
plants offshore might be desirable if the atmospheric dispersion
conditions are favorable cnough to avoid air pollution in nearby
cities. This report has based the analysis on nuclear techno-
legy since the literature related to the offshore concept has
been developed primarily in this area and because of the projected

dominant role of nuclear power in satisfying future energy needs.

The literature describing variations of the offshore con-
cept has focused primarily on three designs: man-made islands,
submersible stations, and floating barge-mounted facilities.
The general ceonsensus is that all of these concepts are tech-
nologically feasible,4l the vltimate determinant being that
of cost. Of the three, the man-made island concept appears to
be the least desirable. While this alternative avoids many of
the difficulties associated with site selection and approval,
the economics of construction may well be prohibitive, as was
the cagse with the previocusly-referred-to BOLSA island project
in California. We have scen in the foregoing analysis that we
must be particularly sensitive in formulating our solution te
the question of construction scheduling. Considerations of this
sort lead to the rejection of the artificial island concept as
it entails not only the added time necessary to construct the
island itself, but alsc the additional time and costs required
to transport all labor, eguipment, and material across a water
gap--a formidable task in itself. Similar argquments can be made
agailnst fixed-pile structures. ©On the other hand, the floating
and submersible designs each have singularly attractive fea-
tures. For example, both designs appear to provide ncar-—

absolute protection from seismic disturbances.42'43 In addi~-

44,45

tion, it is thought that underwater containment of nuclear
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reactors would provide much better post-accident fission-product
retention than is now possible in land-based plants. BAlso,
floating stations offer a relatively limitless choice of loca-
tions since they would be unaffected by ocean depth or bottom
contour. The possibility of moving stations at some future time
in response to changes in population or consumption patterns
might be a facter in favor of floating stations. Having care-
fully weighed these and other factors, we conclude that the
Barge-Mounted Power Station (BMPS) appears to have the most
potentially attractive aspects of all the alternative offshore
designs. Hence, the BMPS has been selected as the reference
design for the study reported in this chapter.

It is clear at this point that the offshore concept con-
tains a number of extremely attractive features that go a long
way toward eliminating the twofold problems faced by the power
industry--costly construction schedules and difficulties with
site selection and approval. If the technology and the econo-
mics of this proposal do not provide hew obstacles of complexity
cemparable to today's problems, the realization of the offshore
concept could be one of the most significant advances in the
histoxry of electric power production. Thus, the remaining sec-
tions of this chapter are devoted to a more detailed analysis
cf the technical feasibility and economic viability of the

BEMPS concept.

IV, TECHNOLOGICAL CONSIDERATIONS

While questions of technological feasibility and cost are
closely linked, it is useful for present purposes to separate
them. The economic analysis, discussed in Section V, is based
mainly on a plant size of 1,000 megawatts electric [MWE}, since
this is the size of present new plants and because reliable cost
information is therefore available. On the other hand, the
technological feasibility is assessed on the basis of a 2,500
MWE nuclear plant, the unit size projected for the 1990's. We

adopt this difference in viewpoint because it is quite germane
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to the gquestion of technological feasibility whether future
designs can be accommodated by the BMPS concept. The 2,500 MWE
plant is a factor of approximately 25 larger in output than the
propulsion plant for the proposed nuclear-powered containership
cited previously, and 250 times as large as the only existing
nuclear BMPS, the U.S5. Army's STURGIS.46 Furthermore, we have
investigated the technical feasibility, assuming that the reac-
tor type would be a liquid-metal-cooled fast-breeder reactor
(LMFBR), since it is the general conscnsus4? that this type

will supersede present light-water types in the 1990's.

1. General Features of the BMPS

In beyinning this study of pfishore power-plant siting, we
were fortunate to have access to information developed by
R. W. Marble of the Clectric Beoat DLivision of General Dynanics
concoerning a submerged offshore power station concept.48 The
main advantage that this submersible plant would have over a
surface plant would be greatcr insensitivity to storm, wind
and wave action and a lower collision probability with ambient
shipping. Consultation with members of the M.I.T. Department of
Naval Architecture and Marine Engineering indicated,49 however,
that it was a quite reasonable expectation that a suitable
mooring scheme could be developed for a barge. The barge scheme
was then adopted as a reference design because of its advantages
in terms of less complex and less costly design, and easier
accessibility,

The general features of a BMPS are sketched in Figure 2.1,
An enclosed barge houses the entire plant, the enclosure serving
as a secondary containment vessel for the nuclear station. On
station the barge is negatively ballasted and partially awash in
order to maximize stability. Several mooring schemes are pos-
sible; that shown in Figure 2.1 consists of extendable legs
with concrete feet. Under tow the legs are raised; on site the
legs are lowered until the feet rest on the {prepared} bottom;
then the barge is ballasted to partially sink down onto the

legs. Although the entire guestion of mooring requires further
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investigation, and ultimately model testing, there is suffici-
ent experienceso over the past several decades with semisubmer-
sible cil rigs to give assurance that the mooring problem is

soluble.

A second important question concerns the size of the barge
required. A preliminary plant layout and weight study indicated
that a barge 950 feet long, 120 feet wide, with a towed draft of
30 feet and having a towed displacement of 110,000 tons would
be required. While larger than barges now under construction
{the largest described in the literature were a 532 ft x 87 ft
petroleum barge,51 and the 400 ft x 100 £t AGATTU deck cargo
bargeSz). it is not particularly large in comparison with the
hulls of large containerships and giant supertankers, as shown
in Table 2.,2. Censultatien with Mr. Les Stypinski of General
Dynamics, Quincy Electric Boat Division, has indicated that barge

hull construction within this size range would be feasible.

BMPS LARGE CONTAINERSHIP* SUPERTANKER**

Length (ft} 950 900 1,100
width (ft) 120 120 148
Draft {(ft) 30 30 60
Displacement

{tons) 110,000 55,000 3326,000

Approx. Cost
{million %} 200¢ 35 30

*Sources: World Bulk Carriers, Fearnley & Egers Chartering
Co., LTD. January 1970.

The Bulk Carrjer Register, H, Clarkson & Co.,
LTD. (1970},

**Sources: Ocean Industry, Vol. 5, Noe. 1, p. 35, January 1970
and Vol. 5, No. 12, p. 18, December 1970.

Table 2.2. Comparison of BMPS with Large Commercial Vessels
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2. Design Characteristics

Figure 2.2 shows the schematic cross section of a barge-
mounted power station. The barge is divided into three regions:
the so-called Personnel, Reactor, and Generator Spaces. The
last of these contains the turbine, generator, condenser and
condensate system, and transformers for high~voltage transmis-
sion. The switchgear and other auxiliary equipment are located
on shore. The generator part of the plant does not differ in
any substantial way, other than in terms of a somewhat more com-
pact arrangement, from modern stean plants now used in conjunc-
tion with fossil-fueled stations. While it is likely that

Reactor Steam
Compartment Piant

Personna

Note: Verticol Section-
not 10 scale

?

Figure 2.2 Schematic Layout of Barge=Mounted Power Station

single turbo-generator sets having a 2,500 MWE capacity will be
available in the 1990's, the arrangement shown in Figure 2.2 uses
two 1,250 MWE units in parallel. This decision was based on

the consideration that reliable size and weight data are now
available on 1,250 MWE units, and it may well prove preferable

to have greater reliability through redundancy in these large
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plants.

The Fersonncl Area contains the reactor and steam plant

control stationa, administrative offices, and auxiliary equip-

ment compartments. It will differ from a land-based station

Primarily bhecause of the need for providing more complete faci-
lities for comfort of personnel in situations where they cannot
reach ghore for extended periods due to severe weather condi-
tions, IE the plant is to be located close enough to shore so
that a causeway can be built, such provisions would be unneces-
sary .

The reactor compartment is jocated amidships because of
stability considerations related to its greater density as com-
parcd to the rest of the plant, and because this location has
maximum protection in case of a collision. The reactor is
housed inside a primary containment vessel, which in turn is
located inside the ecnclesed barge that acts as a secondary
containment vessel. In this respect the BEMPS has a more conser-
vative contalnment arrangement than present land-based stations,
The secondary containment vessel is maintained at a slight wvacu-
um relative to the external atmosphere, and the primary contain-
ment atmosphere is at an even lower pressure, Thus, during nor-
mal operation, all leakage is inward, and during a severe acci-
dent the primary vessel can relieve to the secondary containment
spacc if overpressurized., This concept is very similar to the
separate vacuum building method developed by the Canadians. By
designing the barge in three distinct sections one also enhances
the capability for simultaneous piecewise construction, a common

shipyard practice.

The reactor type chosen for this study is the ligquid-metal-
cooled fast-breeder reactor having parameters scaled up from
recent AnlC-sponsored 1,000 MWE design studies.53 It is impor-
tant to note, however, that the BMPS concept is equally appli-
cable to present-day pressurized or boiling water reactors, to
fossil~fueled stations, or even to advanced concepts such as
magne tohydrodynamic (MHD) generators. There are some inter-
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esting aspoects pertinent to the usc of the BMPS concept in con-
junction with fossil-fucled stations which doserve mention.

The first important point is that sigqnificant cost reductions
might be possible. By locating the power station closer to deep
water it will be possible to use giant supertankers for fuel
delivery, thereby substantially reducing fuel costs, Storage
tank costs can also be reduced by adopting the large submerged
tank concepls now being planned for offshere tankor on-loading
facilities at the oil production fields in the Mideast. Ecolo-
gical advantages alsc enter in. By keeping the tankers out of
congested harbors and shallew water, the probability of severe
accidents (as have occurred notably in San Francisco Harbor)
leading to extensive oil spills is reduced. Offshore siting of
the plants cculd also take advantage of prevailing westerly
winds to keep air pollutants away from land. This latter advan-
tage can be traded off for further cost reductions by reducing
or eliminating the need for anti-pollution mecasures and devices
such as the use of low-sulfur fuel or installation of stack-gas
cleanup systems,

Since the detailed features of the generator plant, either
fossil- or nuclear-fueled, are not particularly germane to this
analysis, they will not be discussed here further.

3. Engincering and Operaticnal Issues

There are a number of issues that must be resolved as a
pPrerequisite to successful realization of the BMPS concept.
These issues are ogutlined and discussed only briefly here: for
a more detailed analysis of the major technological, economic,
political, and legal aspects of the offshore concept, the reader
is referred to a follow-up study54 conducted at the Massachusetts
Institute of Technolegy during Fall 1970.

First of all, the successful dispersion {(in an ecologically-
safe manner) of heated water discharged as condenser effluent
st be demonstrated. This includes a consideration of the ef-
fects on the local ccean envirconment (bottom flora, fauna, etc.)
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and on the ecosystem of the shoreline. One possible dispersion
scheme is to use stratification analogous to a normal summer
thermocline. The intake for condenser cocling water would be
located at about mid-ocean depth directly under the structure,
and the discharge of warm effluent would be at the surface.

The density difference will cause the effluent to remain fleoating
on the surface, thereby preventing recirculation. This scheme
seemg ecclogically safe because it simulates normal surmmer solar
heating in keeping warm water away from the sensitive flora and

fauna on the bottom,

It is a complex problem to analyze the effects on the shore-
line of the discharge plume from an offshore plant, complicated
primarily by the combined effects of the tides and ocean cur-
rents at each particular location under study. The combination
of ocean currents that usually parallel the shore and tidal
motions would eliminate the possibility of stagnant cffects as
well as prevent the discharge from moving directly toward the
shore. While the ultimate ecolegical determinants of how close
to shore the plant could get are based on the particular oceano-
graphic characteristics and legally allowable temperature in-
creases of the area, preliminary figuress5 seem to indicate that
a gite that is at least one mile from shore in at least 25 feet
of water should have acceptable ecological effects, This of
course is subject to legal constraints imposed by local politi-
cal bodies with jurisdiction over whatever shereline areas are
involved.

Any offshore power plant must be protected against colli-
sion damage. The use of buoys, radar, or lighthouse bheacons can
help warn shipping to avoid the site. Submarine nets or float-
ing raft structures can also provide protection. In addition,

a collision barrier consisting of layers of edge-on plates can
be constructed between the outer hull {secondary containment
vessel) and the inner primary reactor containment. If break-
waters are used for wave dissipation at shallower sites, these

could also previde a good measure of collision protection.
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Even if a ship were to penetrate all collision protection de-
vices, a barge with the reactor in a central location could suf-
fer the loss of several outside compartments without impairing
safe reactor shutdown. The largest difficulty in this area
deals with the possibility of a loss of mooring. Steps must

be taken to provide backup mcoring systems for the floating ine-
stallation in the event of a disruption of the primary system.
Also, some careful consideration of the probability of airberne
collision should be included in the detailed analysis, since the

reactor dome may be as much as 150-175 feet above sea level.

To protect the plant against extreme environmental effects
such as 30-foot storm waves, 7-foot tidal waves, and 200-mile-
per-hour winds, a rock breakwater can be economically constructed
in depths less than 50 feet. This breakwater can also serve as
the basis for the mooring system and as a collision shield for
the barge. There is evidence that excellent protection from
seismic disturbances would be provided by the fact that the barge
is floating, while "air springs" might be designed which would
help shield the barge from vertical shocks. All these issues are
more theoroughly discussed in a paper by Hareld M, Busey of the
Donald W. Douglas Laboratories.56

Certainly one of the most important considerations related
to safety is that of radiation containment. In this area, two
sets of c¢riteria are applicable. The first is containment fol-
lowing a reactor accident that is brought about by some malfunc-
tion within the plant itself. Standards for such occurrences
are well developed and would be incorporated in the basic design
of the plant with little or no modification necessary from the
design of a land-based installation. The second criterion is
that the containment system remains intact in the event of acci-
dents dvue to external factorsg such as earthguakes, severe storms,
tidal waves, collisions, etc. A land-based station must be de-
signed to withstand earth shaking and differential movement
under maximum credible seismic conditions without causing any
public hazard beyond that acceptable by current AEC standards.
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The criterion that is often used is a maximum allowable displace-
ment of six feet in any direction at an acceleration (load fac-
tor) of O.Tg.ST'58 This extreme condition is grecater than that
ever measured for an earthquake and can be used as the criterion
for calculations of offshore seismic protection provided by the
different alternatives. Since offshore stations can probably meet
the above criteria, then presently available containment vessels

would be adequate for direct application to the offshore concept.

One operational problem that arises is that sea-based
plants will face greater corrosion problems. This requires use
of more expensive condensers. However, this problem is already
faced by all other plants using tidal or ocean water for cooling
and is demonstrably soluble. The remainder of the plant is pro-
tected by the cuter barge hull; thus the only other major
corrosion problem is that of the hull itself. Periodic docking
and overhaul, as with ships, is impractical. However, very ef-
fective protective coatings are available. They have not becen
very successful on ships because of erosion due to ship motion--
a problem not encountered in a moored barge. In addition, no
special poison paints would be necessary to prevent the forma-
tion of barnacles (which have always presented a troublesome

maintenance problem).

The power generated by an offshore station could be trans-
mitted to shore elther by submarine cable or by overhead trans-
mission linas. The cholce is a matter of reliability and cost,
since the necessary technology exists. Submarine cables scem
to have the edge in reliability. At least one commercial firm
has previously bid on 345 kV submerged cables. With this sys-
tem three cables would be necessary, each cable being a triple
conductor. Two cables are capable of carrying the entire load
and one is reserved as a spare. Total cost would be approxi-
mately 3.0 million dollars for the first mile and 2.5 million
dollars for each additional mile. Overhead transmission lines
have not been built with towers directly in the water, but the
cuost would probably be less. Built on land, some lines have
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spanned 4,900 feet. The Central Electricity Generating Board in
England has used 400 kV lines with towers 4,500 feet apart.

Such an arrangement might be suitable for plants less than a
mile from shore, while at greater distances towers must be built
in the water. This would decrease reliability in severe weather
or in case of ceollision with the tower.

The transmission issue presents ancther major trade-off
variable, mostly in terms of cost, providing a constraint on the
feasible distance from shore for an cffshore plant, One major
engineering issue that must be confronted in this regard is the
design of a reliable interface between a dynamic barge and here-

tofore-rigid transmission facilities,

Another important factor in the offshore concept is the
amenability of warious structures to shipyard production. The
advantages of this scheme have been outlined in general in pre-
vious discussion. The idea behind building the offshore power

station in a shipyard is to:

1) Take advantage of existing facilities and capabilities
for construction of the plant in a centralized arca.

2} Take advantage of a stable, skilled work force which
has experience in constructing steel structures,

I1f the concept is feasible, then presumably there would be a
learning curve associated with the construction of each new plant
with potential for even greater savings in time and labor as

time goes on., The BMPS concept would have to demonstrate poten-
tial as a continuing profit-making enterprise before facilities
or practices of existing yards would be diverted to construction

of fleating power installations.

There are certainly many other problems which have to be
resolved in preparing a final detailed analysis. Transportation
of personnel, the effects of winter icing, replacement of spent
fuel, and heavy maintenance all have aspects which differ from
shore~based precedents. In this brief review we have limited
discussion to major problems suggested by knowledgeable experts
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who have reviewed the BMPS concept and to those aspects found

to be most pertinent within the context of our analysis.

4. Summary and Conclusions

To summarize, our treatment has led to the identification
of a number of major trade-off issues that must be assessed in
the choice among alternative schemes and their effect on costs.

These include:

{1} The degree of seismic protection reguired.

{2} The suitability of various mooring schemes and their
ability to withstand the forces of maximum storm con-
ditions for a large number of years.

{3} The wminimization of ecocleogical stress on lecal sea
life and on coastal ecosystems to within allowable
margins (a function of oceancgraphic conditions and
constrajints imposed by the institutional environment).

{4) The protection against collision with air and sea
vehicles.

(5) The effect of tidal movement and tsunami {tidal wave
triggered by a remocte earthquake).

(6} The establishment of a thermocline teo prevent mixing
cold influent with hot effluent--constraint on allow-
able depth of water at the site.

(7) Basic design considerations, e.g., stability, towing
characteristics, the limitations on draft of floating
structures imposed by the depth of harbors providing
shipyard access, etc.

(B} The suitability for use with undersea or tower trans-
mission lines {cost is the major variable),

(9) Ease of access for personnel and suitability for
heavy maintenance.

{10) Radiation containment and radicnucleid waste disper-
sal during normal and accident conditions--must con-
form to AEC standards,

(11) The adaptability of various offshore structures to ship-

yard construction without incurring prohibitive costs.
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(12) The susceptibility of the plant to sinking and loss
of access, and how this might interact with design
features such as use of scluble poison control.

{13) Effect of winter icing en plant operations.

{14) Coupling to onshore transmission facilities and suit-
ability for clustering to reduce costs: i.e., how
far apart should multiple plants be?

(15} Refueling and maintenance schemes adopted: need for

boat or truck access, etc,

The single major conclusion to be drawn from the foregoing
analysis of various aspects of the offshore concept is that (%
appeans technologdcally feasible witheut undue land, {n mosl
aneas, ne) extrapolation o4 abready-exdisting techmofogy. This
conclusion is supported by the results of some other studies of

the offshore concept, including those by H. G. Arncld, et al.,s9

60 and H. M. Busey.ﬁl We can therefore turn at

Daniel, et al.,
this point to the question of ecenomic viability as the ultimate

determinate of the feasibility of the offshore concept!

V. ECONCMIC ANALYSIS

The success or failure of the BMPS approach depends in
large measure on the econemic incentives that can be demon-
strated in its favor., This section will attack the question of
economic viakility in a very general manner. The procedure fol-
lowed will be to compare the projected cost of a 1,000 megawatt
electric BMPS with that of other stations of the same size.

The 1,000 MWE size was chosen because this is the average unit
size of power plants now under constructicon and we can therefore
speak with some confidence about actual, not hypothetical, cost
figures. For the same reason, the primary emphasis will be on
nuclear reactors of the light-water type (pressurized or boiling
water reactors), since these monopolize the current U.S5. commer-

cial reactor market.

A very general approach te the guestion of eccnomic viabi-

lity proved possible for several important reasons. First of
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all, the preliminary differential cost analysis shown in Table
2.3 comparing the BMPS to a land-based station shows that capi-
tal costs shculd be the same within the accuracy of the rough-
cost estimates performed: approximately 200 million dollars for
a 1,000 MWE plant.62 Secondly, the largest single difference in
final overall plant cost proved to be due to the compression in
construction schedule possible with the BMPS. GSince this

saving is merely a consequence of the cost of borrowing money,
the most important question of cost differential can be settled
without resort to & discussicn of any technical factors.

Land-Based Costs Barge~Mounted Costs
Category {x 1000 dollars) {x 1000 dollars)
Structures and 21,200 14,200 (saving is
Improvements on cost of barge)
Reactor Plant Eguipment 72,400 72,400
Turbine Plant Equipment 52,700 52,700
Accessory Electric Equipment 7,000 10,000 {additional

cost is for
underwater cable)

Mise. Power Plant Equipment 1,%00 1,500
Total Direct Cost 155,200 151,200
Indirect Land Costs 45,800 45,800

Total Construction Cost 200,000

Table 2.3 Preliminary Capital Cost Estimates
for 1000 MWE Nuclear Power Plants

1. Savings Due to Shortening of Construction Period

Construction of a power plant at a shipyard has the poten-
tial of significant savings in construction time. A shipyard
can provide a permanent base of skilled personnel and a variety
of shops and heavy equipment, as opposed to current on-site con-

Struction practices in the power industry where every job is, in
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effect, a2 one-cof-a-kind effort started from scratch. Thus it
was found to be guite important to assess the effect of construc-—
tion time on the cost of a plant and, hence, on the cost of the

power that it would produce.

Table 2.4 summarizes the economic ground rules which are
representative of current utility accounting practices in studies
of this sort. The determination of savings due to shortened
construction time consists of the caleulation and comparison of
the net present worth {(investment} of the plant (as of the date
of startup) for different construction times, All plants were
assumed tc start delivering electricity on the same calendar
date. The net capital investments can then be translated into

a fixed charge component using the method described in Appendix A,

Plant Size: 1,000 megawatts electric (MWE)
Capital Cost: $200 million, nuclear
5170 millien, fossil
Lifetime: 30 years
Capital Structurec: 60% bonds at 8% annual

interest rate,
40% stocks at 13%

Construction Schedule: S5-curve (hyperbolic tangent}
Reference Construction Period: 5 years
Load Factor: 0.8
Fixed Charge Rate: 17.1%/yr
Operation and Maintenance Costs: 0.30 mills/Kwhr
Cost of Nuclear Insurance: 0.10 mills/Kwhr
Cost of Nuclear Fuel: 1.50 mills/Kwhr
Average Cost of Fossil Fuel
{in New England} : 3.50 mills/Kwhr

Table 2.4 CGround Rules for Economic Comparison

The studies were carried out for an S-curve construction
payment schedule which is typical of current site construction.
However, calculations were also made using a linear schedule
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which is typical of shipyard construction, and the difference
in total cost was found to be negligible.
Figure 2.3 shows the results of these calculations., For

reference purposes note that the average production cost of
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Figure 2.3 Savings in Cost of Electricity by Compression
Construction Schedules

electricity at the busbar {output of the switchyard) for a new
plant of this size would be around 7 mills/Kwhr (see Appendix A).
Thus, the savings shown in Figure 2.3 represent up to 10 per

cent of the total cost. Also note that 1 mill/Kwhr reprasents
around 6.8 million dollars per year for a 1,000 MWE plant ope-
rated at 80 per cent load factor. This one feature alone--

the savings in the cost of borrowed money--represents a large
potential saving for the BMPS concept.

If it were not for other considerations, this item would
represent the major cost differential upon which a utility would
base its decision as to whether a BMPS should be constructed in
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lieu of a land-based station. However, escological costs {that
are relatively easy te estimate in this case since they include
capital costs for new equipment) should now be injected into the
picture; hence, a broader range of alternatives merits analysis.,

2., Comparison of Alternatives

In order to take into account a sufficiently broad range
of alternatives, we have expanded the economic study to consider
a number of other concepts. First of all, we considered the
additional costs imposed due t¢ pollution control. This repre-
sents the cost of cooling towers to alleviate thermal pellution
of water resources for both fossil-fueled and nuclear stations
constructed inland. Fosgil-fueled plants are assigned an addi-
tional penalty to account for use of low-sulfur fuel and for

stack-gas cleanup to alleviate air pollution.

In addition, we have estimated the economic impact of future
developments. By the 1990's, plant sizes will have more than
doubled®3
tor with its exceptionally low fuel cycle cost should be in com-

due to economies of scale, and the fast-breeder reac-

mercial operation.

Tables 2.5 and 2.6 record the results of these cost esti-
mates. All estimates show the price of electricity at the
busbar of the plant., As was previously pointed put, there is
little that can be done to reduce the costs to the residential
censumer since he pays mainly for transmission and distribution
and we are concerned with the cost of generaticn. However, there
can be a substantial cost reduction to the large industrial con-
sumer who pays a price much closer to the busbar cost. In-
directly, these savings are also felt by the average consumer

when he purchases the products of New England industry.

The first three rows of Table 2.6 compare the costs for a
nuclear station constructed on land with BMPS construction
schedules of four and three years respectively. Since the BMPS
is practically unaffected by pellution control costs, it entails
a substantial savings of uwp to 1.45/Kwhr over the land-based
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design.

CONSTR. FOLLUTION
FACILITY TIME({yrs) NEW PLANT EXPENDITURES COSTS  TOTAL
Capital Oper.& Nuclear ‘
Costs Maint. Ins. Fuel Air Thermal
Nuclear
Land-Based 5 4,95 .30 .10 1.50 1.1¢0 8.05
Nuclear
BMI'S 2 4,17 .60 .10 1.50 - .01 6.38
3 4.39 .60 .10 1.50 - .01 6.860
4 4.68 .60 .10 1.50 - .01 &.89
5 4.R5 N3 .10 1.50 - .01 7.06
Fossil-Fired
Land-Based 5 4,16 .30 - 3,50 .30 8.71
Fossil-Fired
BMES 2 3.51 .60 - 2.75 6&.86
3 3.69 .60 - 2.75 7.04
4 3.87 .60 - 2.75 7.22
5 4.07 .60 - 2.75 7.42

Table 2.5 Conservative Estimate of Impact of the BMPS
Concept on the Cost of Electricity (mills/Kwhr
for a 1,000 MWE plant {1970)).

The noxt three rows of the table show the savings for a
very interesting concept, namely, the fossil-fueled BMPS. Here
we assume that a fessil station moored approximately three miles
cffshore can realize two important cost reductions: super-
tankers can be used to deliver oil directly to the plants (impos-
sible for onshore plants due to shallow water}; and high-sulfur
fuel might be burned if the atmospheric dispersion factor is high.
The maximum savings of 1,67 mills/Kwhr is now large encugh to

help eradicate much of the chronic high power cost imposed on
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1970 Cost of Electricit
Plant Design (1,000 MWE} at Busbar (mills/Ewhr)
Land-Based Nuclear
{(5-year construction) 8.05

Barge-Mounted Nuclear
{4-year construction! 6.89

Barge-Mounted Nuclear
(3-year construction} 6.60

Land-Based Foassil

(5~year construction} 8.71
Barge-Mounted Fossil

(4-year construction) 7.22
Barge-Mounted Fossil

{3-year construction) 7.04
ADVANCED PLANT DESIGN (2,500 MWE) 1995 Cost
Land-Based LWR (5-year construction) 6.69
Barge-Mounted LWR {5-year construction} 5.79
Land-Based LMFBR (5-year construction) 6.50
Barge-Mounted LMFBR (5-year construction) 5.60

Table 2.6 Economic Comparison of Alternatives

New England's industrial customers, and a step in the right di-

rection for residential power costs.

Finally, the last four rows project the study to 1995 when
plant sizes should be approximately 2,500 MWE and when the
liquid-metal-cocoled fast-breeder (LMFBR} should supersede the
light-water reactors (LWR). As can be seen, the combination
of the LMFBR and BMPS could deliver bushar power approximately
3 mills/Kwhr cheaper than present-day fossil-fueled stations,
even without the potential savings due to shortened construction

time.

The results reported in Table 2.6 substantiate two important
conclusions that may be drawn from this study. PFirst, shorter

construction times and lower pollution-abatement costs represent
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sources of the largest potential savings for the BMPS concept;
and second, advanced nuclear concepts may provide an even further

reduction in electric power costs in the foreseeable future,

1, Other Economic Considerations

There are, of course, many implicit assumptions buried in
the analyses leading up to the figures presented in the preceding
section. Some of the more important ones will be elaborated

upcn here in order to cast the results in the proper perspective.

First of all, it was assumed that land-based and barge-
mounted stations had equal construction costs of some 200 million
dollars, This assumption was based on the cost breakdown of
Table 2.3 which identified major cost differences between the
the two concepts., The BMPS was actually found to be seven mil-
lion dollars cheaper than the shore ztation in the category of
Structures and Improvements. On the other hand, the BMPS cost
an extra three million dollars for underwater power transmigsion
cable. Because of the small net difference which was within the
estimated uncertainty of the analysis, both stations were there-
fore assumed to cost the same--200 million dollars.

Other small differences exist which were glossed over in
the preceding discussion. The increased productivity of ship-
vard labor over site labor might save as much as 0,1 mill/Kwhr in
ultimate costs of electricity; on the other hand, it will cost
more to operate and maintain the less accessible BMPS. These
variocus trade-offs result in an apparent stand-off inscfar as a
net cost difference is concerned, and we are left with the com-
pression in schedule as the major factor resulting in a net
positive cost differential.

In the cost comparison ne allowance was made for the small
difference between the costs of salt water vs. fresh water con-
denser tubing. Thus in Table 2,6 the land-based costs may
also be equated to conshore ocean-site costs. The cost of the
barge was estimated to be 19 million dollars representing con-

struction costs in a U.S. shipyard. 1If foreign construction is
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permitted, a five million dellar savings can be realized on this
item.

Again we should emphasize that the entire cost comparison
is based upon the cost of electricity at the busbar of the plant.
Edison Electric Institute statistics show that the residential
consumers in New England paid an average of 26.4 mills/Kwhr for
electricity in 1569 (see Table 2.1}. Thus transmission and distri-
bution costs are sufficiently large so that the economies dis-
cussed in this report will not appreciably decrease residential
power costs. Large industrial users, however, can select site
locations and schedule use of off-peak power to bring their costs
down to near the 7 mill/Kwhr busbar price quoted for new plants,
Extremely large users such as industrial complexes could possibly
own or contract for their own power station to reduce costs fur-
ther. Thus, the economic impact of the BMPS ceoncept would be felt
indirectly through product cost reductions which might improve the

competitive position of regional industries.

4. Concluding Remarks

It should be emphasized that this economic analysis is very
preliminary in nature, intended to provide only a rough indica-
tion of the economic viability of the BMPS concept. In a de-
tailed cost analysis the numbers will be very much a function
of the trade-cff variables (associated with alternative offshore
designs) listed in Section IV such as seismic protection, dis-~
tance from shore (pollution and transmission costs will vary),
environmental protection, ete. In such an analysis, the major

differential cost components would be as follows:

(1) Costs of alleviating thermal pollution.

(2} Interest costs and savings due to shipyard construction.
(3} Cost of real estate for plant site.

(4} Cost of transmission to shore.

(53) sShipyard construction costs.

(6) Cost of site preparation.

(1) Transportation costs.

{8) 1Insurance costs.
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{9) Cost of operations.
(10) Costs of environmental protection.

We have demonstrated the significance of potential savings
with the BMPS concept in the area of pollution contrel and con-
struction costs. Results of the more detailed follow-up study
previgusly mentioned (see Reference 54) indicate that at least
one offshore BMPS design can he shown to be economically compe-
titive (now) with a land-based facility. This is an encouraging
result since the analyses of that study and the one presented
here were purposely conservative in nature. For example, there
seems little doubt that as land prices continue to spiral up-
ward (especially at the coast (see Chapter 3)), this component
alone will make the offshore station the most economically
feasible choice for the power companies. Other factors favor-
able to the BMPS concept that were not included are potential
savings associated with (1) cleser location to load centers,

(2) better seismic protection, and (3) the develcpment of a
learning curve in the production of large-scale installations.
All of these considerations could make sizable contributions to
savings gver land-based plants in the near future.

We can conclude from the foregoing analysis that the BMPS
concept has a high degree of economic feas{bi{fify and will be-
come fncrcasingly attractive {n the nean jufure as issues un-
favorable to land-based siting will undoubtedly continue in
presently-established patterns!

VI. SELECTED LEGAL AND POLITICAL ISSUES

Having concluded from our analysis that the ocffshore con-
cept has a high degree of technological and economic feasibi-
lity, it is now important to consider the procedural framework
within which this concept might be realized. The purposc of
this section, then, is to provide an overview of the institu-
ticnal environment in New England that is germane to the issues
of power-plant siting.54 We shall consider two primary areas
of interest:
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{l) ILegal constraints on power-plant siting;
(2) Effects of political considerations.

1. Legal Constraints on Power-Plant Siting

In this section, we examine the prevailing concepts in
legal constraints on power-plant siting in New England and the
present trends that have eveolved in the wake of arcused public

concern over the problems of environmental pollution.
{1} Jurisdiction

Ccean water that is contiguous to the coastline out to
three mifos is considered to be state coastal water and is fully
controlled by the contigucus state. Coastal land between the
high~ and low-tide marks is alsc under the jurisdiction of the
state, Beyond the three-mile limit, the Federal Gowvernment has
jurisdiction over fishing rights out to the territerial limit
of 12 miles, while federal jurisdiction over the continental
shelf (as determined by the Geneva Convention on the Continen-
tal Shelf) extends to a water depth of 200 meters. Since the
technolegy and econemics of coffshore siting seem to indicate
that the most feasible locations would be about a mile or so
from shore, it is mest likely that offshore stations would come
primarily under the jurisdiction of state governments. Hence,
the following legal concepts pertain to state authority in this
connection.

{2) XNeed for Building a Power Plant

A number of states reguire the utility to provide a
determination of actual need for the construction of a power
plant, For example:

Vermont65~4“...No company...may begin site preparation or
construction of an clectric generating facility within

the state,..without the public service board having first
found the same to promote the general good of the state..."
New Yorkss-—the Public Service Law stipulates that utili-
ties must first obtain the approval of the Public Service
Commission before beginning constructicn of gas or elec-
tric plants. The standards are public necessity and con-
venience, and engineering and economic feasibility.
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Presumably, such reguirements would be the same for a plant

located offshore within the state's jurisdiction.

{3) Financing Approval

Al1l New England states through their public utility

commissions can approve or disapprove a utility's long-term
(greater than one year) financial arrangements, i.e., borrowing
or the issuance of stocks or bonds. Typical examples are the

&7 .
statutes in Massachusetts and Maine.

{4} Transmission Lines

Increasing concern has been voiced recently by local
political action groups over the visual damage to the environment
caused by the proliferation of cverhead transmission lines.
Overhead lines connecting offshore stations to inland loads
would certainly be subject to such criticism. The alternative
of underwater transmission would avoid conflicts of this sort.
Many states have legal controls over the construction of trans-
mission lines, For example:

New Yorksg——applicants applying for a certificate of
necessity for plant and transmission line construction

must show that they have "received the reguired consent
of the proper municipal authorities."

—--the local authorities may require underground lines,

but may not excfude all transmission lines.

While the construction of transmission lines usually
comes under local zoning authority, the states have generally
given the public utility commission "either the power to review
municipal zoning decisions or exclusive jurisdiction over power-
related land uses which preempts the authority of the locgal

government to contrel such land uses.“To

(5) Permits for Dredging, Filling, or Construction in
Navigable Waters = —

Several of the New England states requlate dredging
or the placing of fill or support structures for transmission
lines, etc., in their navigable waters. Concurrent jurisdiction
over such activities is held by the U.S5. Army Corps of Engineers.
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The language of the Connecticut statute in this regard is

typical:72

...No person...shall erect any structure, place any en-
croachment or carry out any dredging or other work inci-
dental thereto in the tidal, cocastal, or navigable waters
of the state until such person...has submitted an applica-
tion and has secured from the (water resources) commis-—
sion a certificate or permit for such work and has agreed
to carry out any conditions necessary to the implementa-
tion of such certificate or permit.

73 75

Rhode Island,74 Massachusetts,
all have similar legislation. Also, Title 33 of

The States of New York,
\;‘e«.."l'nont'}'6
the Code of Federal Regulations (CFR) states that structures

across navigable waters must not hinder ships but gives no speci-

fic design criteria.

{6) Physical Occupation of Navigable Airspace

"Power-generating stations that include high structures
such as smokestacks, radiation containment domes, and transmis-
sion towers may need to secure building permission from the
Federal Aviation Administration (FAA) and/or the state aviation
commission. The FAA jurisdiction essentially covers any con-—
struction more than 200 feet above ground level and any lower con-
structions that would enter an airport approach zone.“77 The 1i-
cense usually requires the installation of pertinent safety and
warning devices, State aviation agencies may also review con-—

struction near airports in all New England states.

(7) Permits for Discharge of Cooling Water

The major legal constraints affecting the siting of
{nuclear} power plants involves the effects of heated effluent

on the local ecosystem. These constraints have been discussed

: . . P 7
in a recent report by the New England River Basins Commlssion. 8

Water pollution control laws in each state reguire that

a permit from the state water pollution control agency

be obtained before any matter may be discharged into the
waters of that state. {(Conn. Gen. St. § 25-54i{al: 38 Me.
Rev. St, § 413; Mass. G.L. c. 21, § 43: N.H.R.S.A. § 149.8
(III); N.Y. Pub. Health Law § 1230, R.T.G.L. 46-12-4(b),
10 v.S.A. § 909.)
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The controls required under the permit are based on

the classified standard and criterig for the quality of
the receiving water plus general objectives for the en-
hancement of water guality, protection of health and wel-
farc, and considerations of present and future waste dis-
charges. The permit applicant bears the burden of pro-
viding evidence that his discharge will be consonant with

the quality standard.

The Secretary of Interior has approved (with exceptions)
the water quality standards of the six New England States
and the State of New York. Included in the exceptions
were the criteria for temperature and the so-called "anti-
degradation™ provisions, Modifications of these elements
have been completed or are being made by the state water
pollution control agcncies.

On interstate waters, discharging matter which reduces the
water guality helow a standard developed by the state with
review by and approval of the Secretary of the Interior

is subject to enforcement proceedings by the U.S. Attorney
General (33 U.s.C. § 4866(g) (1}). Although not reguired by
federal statute, many state agencies have on their own
initiative developed gquality standards for intrastate
waters,

Agpects of the federal/state standards which bear on power
plant siting decisions include the requirement that high
guality waters must be protected from degradation; there
iz also the need to define temperature regquirements for
maintaining an ecologically seund agquatic environment

and temperature requirements for mixing zones in which

the standards may not be applicable.

Site selection for thermal power plants is greatly affected
by water quality considerations since the facilities gene-
rally require large amounts of cocling water (about 1 mil-
lion gallons of water per day per megawatt of plant capa-
city). The temperature of the discharge water is usually
about 20°F higher than the intake water. The physical

and biclegical effects on the receiving water of the dis-
charged cooling water plus those of any chemical additives
can ornly be grossly estimated., Permits may be issued,
however, with provisions for corrective action as a result
of damages incurred during initial phases of opcration.

As the technolegical base is expanded, more definitive

temperature requirements and perhaps systems of thermal
control will evolve,

The temperature criteria adopted by the states are gquite
general as applied to coastal and marine waters. Massachu-
setts, for example, allows no temperature increase "except
where the increase will not exceed the recommended limits
on the most sensitive water use" (from classes SA, 8B, S5C,
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Water Duality Standards, Comm. of Massachusettis, Water
Resources Commission, Division of Water Pollution Control,
adopted March 3, 1967). The most sensitive use is usvally
the culture and propagation of shellfish. The limits are
recommended by the Divisions of Marine Fisheries, and for
similar fresh water standards, by the Division of Fish and

GCame.

¥ew Hampshire's Water Supply and Pollution Control Commis-
sion has been authorized teo adopt the temperature criteria
and recommendations of the state fish and game department,
the New England Interstate Water Pollution Control Commis-
sion, or the National Technical Advisory Committee of the
U.5. Department of the Interior, selecting whichever set
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provides the "most effective level"” of control. (N.H.R.5.A.

5 149:3 supp., para. V-a (1969 Acts, c. 337.) Similar
requirements in the other states create an important advi-
sory role for the fisheries agencies in thermal discharge
permit proceedings throughout the region. Coordination
between water guality agencies and fisheries agenciles
appears to be informal but effective,

An exception to the generality of most temperature cri-
teria is New York's Criteria Governing Thermal Discharges,
approved in August 1969 (6 NYCRR 704.1). In most cases,
New York's rules provide clear guidelines for plant siting
and design decisions. The temperature of coastal waters,
for example, “shall not be raised more than 4°F over the
monthly means of maximum daily temperatures from October
through June nor more than 1.5°F from July through Septem-
ber except that within a radius of 300 feet or eguivalent
area from the point of discharge this temperature may be
exceeded” (6 NYCRR 704.1).

The states all reguire that the permit be obtained before
the discharge commences. Common practice has been to con-
struct a power plant, then to apply for a discharge per-
mit before commencing to operate the plant. In this con-
text, the discharge permit cannot operate as a formal fac-
tor in plant site selections. To be sure, the existence
and public knowledge of quality standards for receiving
waters can and do serve as an element in a power produ-
cer's siting decision. But the effects of a thermal dis-
charge on the recognized uses of a water body--particu-
larly the effects on fisheries--remain very difficult to
predict or assess. Extensive biclogical studies, which
may include one oxr more years of investigation before the
discharge beygins, may be needed in order to make sound
decisions about cooling water disposal.

The feeling that state water quality authorities should be
involved in such evaluations at very eaxly stages of plant
site development has led to several recent amendments to
controlling legislation. The 1970 amendments to the
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Federal Water Pollution Control Act include a new sec-
tion reguiring an applicant for a federal license or per-
mit to file a certification from the relevant state water
quality standards control agency.

New York anticipated this procedure--in part--when the 1969
legislature amended the Public Health law to regquire that a
permit for a thermal discharge be secured before any per-
son begins constructing a nuclear power plant (40 N.Y.

Pub, Health Law § 1140 (1969 Acts #86)}.

In addition, when such a party files a Preliminary Safety
Analysis with the U.&. Atomic Energy Commission for a
construction permit, he must also submit an environmental
feagibility report with the state Department of Health.
The New Hampshire Water Supply and Pollution Contrel Com-
mission requires filing of plans for waste disposal de-
vices, which will need discharge permits, at least thirty
days before construction begins.

(8) Recent Trends in Legislation

There have been two major trends in recent legislation

{evidenced in some of the previocus sections) that have evolved

as a result of increasing concern over the effects of power-

plant giting on the envirconment. These are:

{a})

{b)

2.

Requirement of a permit by the state which
licenses alff phases of a proposed power plant
before any construction can begin (including
obtainment of a preconstruction discharge per-
mit before the comstruction of a nucfear power
plant). Laws to this effect now exist in New
York and New Hampshire; and

Federal law introduced to Congress in 1968
giving the AEC authority in thermal pollution
regulation for nuclear power plants,

Extension of Legal Aspects to Offshore Siting

We have already noted that, since the technology and the
economics of offshore siting indicate that the most feasible
location would be about a mile or so from shore, it is most

likely that offshore statiecns would come primarily under the

Jurisdiction of state governments. Due to recent concern over
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the effects of thermal discharges, legal mechanisms have evolved
to regulate the effects of coastal power plants on the water en-
vironment, There seems to be no reascon why these mechanisms
would not apply directly to offshore plant siting. The only

area where regulations are not well developed (since the need

has not come up) concerns the effects of heated discharge on sea
life at a considerable distance from shore (1-3 miles). How-
ever, such questions seem to be easily handled within the frame-~
work of existing legislation, Due to the increased distance from
shore of an offshore station and the various methods for dis-
charging heated waters in deep water in an ecologically-safe man-
ner, it appears that offshore power stations would minimize the
ecological stress of thermal pollution and comply easily with
present and projected standards. Hence, there seem to be no for-
midable legal barriers to the realization of the offshore concept.

3. Political Considerations Affecting Power-Flant Siting

The primary political issues affecting the siting of off-
shore power plants involve public concern over the safety, en-
vironmental, and national security aspects of an ocean-baged
power plant. We have already discussed the first twe of these
within the legal framework, and assume that they will net be of
major consegquence {4 the proper environmental and safety con-
straints are built into effective legal requlations governing
offshore siting. This leaves us with the question of national
security.

Due to a general unfamjliarity with the criteria that might
be applied in this area, we can comment on this question only
in a very approximate way. It would appear offhand that an off-
shore power station might be more susceptible to attack from
conventional craft, particularly submarines, than its land-~based
counterpart. Presumably, the dangers from attack by conventional
aircraft and nuclear weapons would be about the same, although
there might be some advantage to having the power station some
distance out toc sea in the event of nuclear warfare (isclation
from ground disturbances). The important variables (as they
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were with the technology and the economics) seem to be distance
from shore and depth of water. If a fleoating station were to
Le located one mile offshore in 50 feet of water and surrounded
by a breakwater, 1t seems likely that adequate protection could
be provided using World War II-type submarine nets, electronic
surveillance devices, and the natural barrier provided by the
breakwater. Since this appears to be the type of alternative
that is most economically and technically feasible, this aspect

of the question of national gecurity would appear resclvable.

We do not feel adequately equipped to discuss the pertinent
strategies of defense in any greater detail, and leave a further
examination of national security issues relating to the offshore

concept to the higher councils of government.

VII. CONCLUSLON

The preceding sections of this chapter have explained in
some detail the rationale behind gelection of the barge-mounted
power station concept, and have presented a technical and econ-
omic evaluation of the proposal. To recapitulate just the key
characteristics of the BMPS: it offers a way to aveid serious
conflicts over the use of scarce land resources; it has the
potential teo reduce electric power costs to industry in the New
lingland Coastal Area to a level competitive with the national
average, while at the same time eliminating inland and shoreline
a2ir and water pollution problems associated with power produc-
tion; and the BMPS can also become a new regicnal export product
and serve to allocate in a more efficient way the resources of

the New England shipbuilding industry. The five major conclu-
sions are:

(1. The BMPS (s techudicaliy feasiblc with onfy minen ex-
tenscons of cunnent engdneering capabifitivs land {5 adapfabfe
to nuclean, feasdil fuel, on cven magnefohydrodynamic [MHD)
genenating plants);

{2} 1t could climinate completefy the hanmful coatribu-
tions of the elfeotrdic powen {ndustry to envincnmental pollution;
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{3) I& deastically neduces consfruction times fo help meet
fncreasing demands and reduce costs;

(41 It avedids serdous conglicts in Land uwsg;
{50 1t £4 ecencemically attractive and fegalflfy plausibie.

This last attribute is particularly interesting since it
should facilitate implementation of the idea without the need
for devising new ways to see that the private market adeguately
weighs the public interest. 1In brief, there appears to be no
impediment to realization of this concept that cannot be resolved
through due process using the existing political and economic

system,

what now are the implications of this analysis of the off-
shore concept? It is clear that this concept provides a viable
alternative to land-hased power stations and can eliminate some
of the most serious problems faced by the power industry today
in meeting our nation's increasing demands for electric power.
All indications are that the concept is feasible from a wide
range of technological, political, legal, and economic stand-
points. What then can be done to set the machinery in motion

to give the implementation of this concept a long hard look?

To answer this we must first decide what machinery we are
talking about. 1In our country today, there is no centralized
governmental body at the federal level that is charged with the
formulation of national goals and priorities and the long-range
planning that is necessary if we are to meet our future needs
for electric energy. Yet it would be difficult to imagine a
more pervasive issue in relation to the maintemnance of our soci-
ety as it exists today. The aspirations of every American citi-
zen for a greater level of well-being are based in part upon the
confidence that this nation can maintain the capability to pro-
vide adequate supplies of electric power on a continuing basis,
Yet today we live under the recurring threat of brownouts and

blackouts in our major cities each summer, while evidence of any
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substantive effort at the federal level to attack the root causes
of these problems remains conspicuously lacking. This is not to
say that there is a lack of concern--certainly the Atomic Energy
Commissior has been instrumental in developing the technology
that we need to meet increasing demands. But a number of the
problems of power production, as we have seen fe.g., plant
siting), are not technological in nature; rather, they are social
problems generated by an awakened sense on the part of our soci-
ety of the value of the environment and of the mistakes we have
made for so long in pursuing a course of unbridled growth. Yet
there is no existing mechanism to direct our course and help re-
solve conflicts in a manner consistent with a carefully consid-
ered set of national objectives and policies in the area of
electric energy production. Hence, the path of power genera-
tion continues to wander helter-skelter in whatever direction

is randomly dictated by the combined activities of the private
marketplace and local political decision-making., Is it wise to
entrust such a crucial issue as electric power production to
anyone other than the highest level of government where the true
national interest can be fully determined and appreciated? We
think not! It must be emphasized that this is not a matter to
be resolved at the state or local level--the problems of air and
thermal pollution and land use {especially of coastal resources)
in relation to power production are regional and national in
scope. Nor can it be the responsibility of the electric utility
industry unless present forms of regulation are modified to
aliow for the generation of the large amounts of capital that
would be required to fund a large-scale research and development
effort. The responsibility lies clearly at the federal level
where the power production issues related to land-use management
and a host of other areas of national concern can only be re-
solved as part of coordinated effort at the formulation of a

naticnal energy policy!

The implication is clear--we are in need of a comprehensive,
long-range, coordinated effort at the federal level that will
bring together 21l those areas of concern that are affected by
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the lack of a national energy policy. Certainly the problems

of land-use management, environmental pallution, and adeguate
provision of power to meet necessary demands are foremost among
these areas of national concern. It is precisely these problems
that have been attacked in this analysis. Hence, serdious con-
sdderation of fhe offshere cencept 4a panticufanfy germane to

the formulation of a national encngy peficy and should be ef-
fectfed through an {n-depth sfudy of the concept as a viable al-
Leanative fo fand-based (nstalfaticns, brainging together fedenal
agenecdes including the Office of Science and Technofogy, the
Atomic Enecngy Commdission, fhe Depantment of the Infendick, and

any public oh pifvate orngandzation with a vested {ntencst in

Land use, environmental qualliiy, and othen issues related to
power-plant siting. Buch an effort could be instrumental in
eliminating a number of troublesome sources of controversy; at
the same time, this could be the all-important first step that
would draw attention to the increasing need for the establishment
of a formal governmental mechanism that can effectively deal with
the formulation of a long-range, national energy policy!
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APPENDIX A

The unit cost of electricity for a given power plant ig

given by:
® I
€ * §.76L F + F + 0
(2ix23 ghar e {fuel cost {operating cost
component)g component) component)
where

= unit cost of electricity {mills/Kwhr}
= annual fixed charge rate

= initial cost of plant (dollars)

rated net capacity (Kwhr)

= load factor (percent}

= fuel cost component {(mills/Kwhr)

= I A -
H

= gperating cost component {mills/Kwhr)

Using this equation and the ground rules presented in
Table IV, electricity costs (in mills/Kwhr) can be calculated

for new fossil- or nuclear-fired power plants,

Nuclear Fossil

u.s. New U.s. New

Average England Average England
Capital Charges 4,95 4.95 4.16 4.16
Operation and
Maintenance .30 .33 .30 .33
Fuel 1.50 1.50 2.70 3.50
Nuclear Insurance .10 .10 - -

Total 6.85 6.88 7.16 7.99

Source: Manson Benedict, "Economics of Nuclear Power," notes
associated with Course 22.27 given at the Massachusetts
Institute of Technology, Department of Nuclear
Engineering {(Spring 19790).
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ABSTRACT

our nation today faces a grisis in shoreline recreation. It
has come about because a mushrooming demand for the unigue and rela-
tively scarce respurces of the coastal zone has far outstripped the
available supply. We have allowed a pattern of economic growth and
development in the coastal zone to continue unchecked for the past
three hundred vears, so that now we find that only a small percen-
tage of the entire shoreline is in public hands for recreation.
The problems of pollution and erosion have combined with the in-
creasing tendency of private owners to restrict public access s0
that the supply of available shoreline, limited to begin with, is
shrinking steadily. Yet the demands are increasing at a breakneck
pace. The multiplicative effects of increasing population, income,
leisure time, and mobility are expected to bring abhout a tripling
in the demand for outdoor recreation by the turn of the century.
Yot the facilities are gaturated foday with hordes of users, while
there is little or no room for expansion within the existing econo-
mic and political environment.

This serious problem has materialized because of imperfections
in our present allocative mechanisms of the private market and
local political decision-making. Analysis has shown how these
mechanisms fail to provide an efficient allocation of valuable re-
sources in particular circumstances. These circumstances include
(1) the inability of the price system to determine and articulate
the true costs and benefits to society associated with a particu-
ltar good and (2) the tendency of local political bodies teo make de-
cisions based on effects that are net benecfits to the local commu-
nity but not to the regional society.

L new framework for long-term coastal zone management is pro-
posed that places the prime responsibility for shoreline regulation
in the hands of the States. At the same time, it must be recog-
nizod that a strong federal involvement is necessary to (1) coor-
dinate the efforts of individual States and resclve conflicts that
arise due to interstate secondary benefits and {2) establish uni-
form objectives and guidelines to assist the States in the problem
of hew decisions are to be made in the absence of the private
market discipline.

Recognizing the need for action in the short- as well as the
long-run, we have focused on two areas that are subject to heavy
demands for shoreline recreaticnal opportunities: Cape Cod and
the Boston Metropolitan region. We propose that the Scuth Cape
Beach and the Boston Harbor islands can and should undergo devel-
opment for recreational purposes in the very near future.

90



CHAPTER 3

THE CRISIS IN SHORELINE RECREATION

I. INTRODUCTION

gver the last three hundred yvears, the American shoreline
has becn considered a plentiful resource to be used freely by
man for the growth and progress of his society. Since the times
of the early colonists, the coastal areas have been the gateways
to this nation. The first settlements that grew up arocund the
natural harbors of the coastal zone have since developed into
thriving centers of population and industry and are now focal
peints for the transportation and commerce of our nation.
Throughout this historical period of population growth and indus-
trial expansion, the coastal zone has been recognized as an
attractive place to live and work, a convenient transportaticn
corridor linking the coastal cities, and an ideal source of
recreational opportunity. Since the capacity of coastal resources
to support these multiple endeavors has always been viewed as
adeguate, "the laws regulating man's activities in this zone
were historically intended to protect and serve individual and

! within the context

group interests in dealing with each other"
of the economic system of free enterprise in the private marketplace.
Under this system, the shoreline "has largely been left for
acquisition and exploitation by whatever public or private agencies
desired to undertake its ownership, control, and management.“2

Since there always seemed to be plenty of shoreline open for

a wide variety of recreaticnal pursuits and no indications of

serious damage to ecological systems in the estuarine zones,

there was nc perceived need for public interference in the alloca-
tive workings of the private market. The result is that, today,
approximately %1 percent of this limited, unigque natural resource

is under private control, another 3 percent is restricted for
military uses, leaving only 6 percent of the shoreline in public
ownership. Thus, the coastline, as a public commodity, has

become one of the most scarce of all our valuable natural assets,

g1
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extremely short in supply relative to the heavy demand from

competing uses,

under normal market conditions, the prices associated with
coastal real estate would adjust in such a situation so that the
use deriving the greatest benefit (as measured in ability and
willingness to pay)} from coastal ownership would be able to se-
cure control. This is indeed happening to a certain extent as
the cost of acquiring shoreline property has become astronomical
in recent years. Itf has beceme incneasingly clearn, howeven, that
Zhe price mechancam of the paivate mankel has faifed to nepresent
centain impantant sovedetal vafucs {n L8 allocation of coaslal
nescunces and 15 wnabfe to provdde fon Fhe proper expacssion of
those vatues {n a cempetitive marketplace. The two most often
misrepresented values, the first of which is the topic of discug-
sion in this article, are those associated with (1) the provision
of adequate facilities for rutdoca Aecncafion in the coastal zone,
and {2} the protection and precervation of the eccfogical systoms
that abound in the marine envirconment. Although both of these
are intricately related to the life and livelihood of every
person in modern society, the coastal areas of this nation have
been sorely neglected as a public resource, while the need for
careful allocation of this irreplaceable asset has gone unattended.
For generations there was little or no awareness of the dangers

to future society "

as long as the ability of the natural environment
to absorb the effects of the sociceconomic environment seemed
unlimited, and the problems of pollution and environmental damage
were isolated."3 Only recently has it become apparent that

“the laws protecting man from himself must be extended to protect
the natural environment from man."4 We have begun fto recognize
the need of human society for the resources of the coastal zone
and its value to civilization both as an essential part of its
ecosystem and as an exploitable asset to be carefully allocated
among competing uses. Of all these competing uses, the two

that are most often misrepresented--recreation and ecology--

may ultimately turn out to be the most important to the long-

term health and well-being of man in cur modern society! Although
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man is now the dominant species on earth, his very survival
depends on the intricately complex ecological balance among

all plants and animals within their respective environments;

and the well-being of each individual depends upon the maintenance
(with the help of recreation) of his internal psychological
balance and the external balance that exists in his interactions
with the outside world. The need for recognition of this dual
value in our coastal resources has been emphasized in the National
Estuarine Pollution Study:5

It is the value of the estuarine zone as a fish and

wildlife habitat, a recreation resource, and an esthetic

attraction that make [it] a unigue feature of the human

environnent, yet it is these very values that have been
generally ignored in satisfying the immediate social and
economic needs of civilization.

All this points to the importance of the allocation of our
scarce, valuable shoreline resources as an issue in land-use
management. It is the purpose of this chapter to set forth the
economic, political, and sociological aspects of coastal land use
for cufdoca neencaticn, with a focus on the New England shoreline.
The goal is to derive some insight into the nature of effective
land-use policies that might be used to govern the allocation of
shoreline resources in a manner most consistent with the goals
and values of American society.

II. THE STATUS OF SHORELINE RESOURCES

1. Background

Our nation faces a crisis in shoreline recreation, right
now, today. The mushrooming demand for this unigue and rela-
tively scarce resource has far cutstripped the effective supply.
The problems are particularly acute in the crowded Northeast of
which the New England region is a part. Anyone who has been de-
layed for hours on a hot day in bumper-to-bumper traffic to Cape
Cod beaches, who has experienced the mobs of people at the Revere
and Lynn shores, or who has not been able to get to the coast at
all because the beach was closed due to pollution or filled-to-
Capacity parking facilities, will attest to the immediacy of
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this critical shortage of available, accessible shoreline recrea-

tion areas.

All indications are that unless immediate action is taken,
these problems will get much, much worse. The demand for outdoor
recreation, especially at the shore, has increased significantly
in the last ten years. The trends toward more leisure time, more
real income, and greater mobility enable larger proportions
of our growing population to seek and enjoy recreation activity
of all types each year. The effects of these trends on cutdoor
recreation are evidenced in part by the rapid growth of com-
panies making equipment for use in outdoor activities, and in the
large increases in service facilities (such as campgrounds) that
support the recre.tionalist in his varied pursuits. This gives
us an indication of what to expect in the future: 'more people
taking more vacations, learning more about vacations and recrea-
tion, developing a wider range of skills and making more demands
on every kind of recreation area, and rearing a generation of
cutdoor-minded children who will have even more skills and make

6
even more demands."

The critical nature of this situation is aptly described by
Bayard Webster, of the New VYonuk Times:'

The shoreline of the United States has been so built up,
industrialized and polluted during the last decade that
there are relatively few beaches left for the family in
search ¢f a free, solitary hour by the sea.

From Maine to Fleorida and on around to Texas, from South-
ern Califeornia up to Washington State, the nation's sea-
shores have become cluttered with hotels, motels, sprawling
developments, military complexes and industries of every
kind.

Miles of tranquil beaches wherge hundreds of seaside re-
treats were once open to everyone for swimming or fishing
have been fouled by oil spills, industrial effluents,
farm pesticides and city sewage.

What remains~-shoreland that is not dirty, crowded or closed
to the public--amounts to a tiny fraction of the country's
total coastal zone, about 1,200 miles or S percent of the
shore areas considered suitable for recreation or human
habitation.
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The prospect of continuing encroachment, together with
the intensified natural erosion often caused by heedless
development {even in normal weather, winds and waves can
cat away or shift up to 20 feet of beach a year), has
alarmed many marine biclegists and conservationists.

Although.,.conscrvationists have been encouraged by indica-
tions that some states and bureaus of the Federal Govern-
ment are becoming interested in protecting the nation's
coastline as a separate national resource, they fear that
it may already be tog late to reverse the trend.

Close to the heart of the problem are two factors largely
beyond the control of governmental authorities....One is
the sharp increase in recent years in the nation's popu-
lation. The other is the rush to the large coastal cities
by millions of people from inland rural areas.

The result is that popular demand for open recreational
space near the water is rising just as private and indus-
trial developers are fencing off the best of it--if not

the last of it in any given area--and land prices are spi-

raling far beyond the means of most urban dwellers.

In this article, Mr. Webster has struck at the heart of the
issue from all its crucial aspects. First, the dwindling supply
of shoreline recreational areas has been caused in part by the
acquisition of coastal acreage for use by large (adustri{al and
commercial complexes. Our historical emphasis on economic growth
and industrial expansion has allowed this to happen without the
full realization of the extent to which such uses exclude all
others, As a result, 40 percent of all the manufacturing plants
in the United States today are located within the borders of the
coastal counties. This is clear evidence of the consegquences
of nonexistent land-use planning. The use of coastal acreage for
industrial or commercial purposes may be necessary for some
enterprises with a demonstrated need for ocean accessibility. For
example, some industries (tank-oriented oil companies and chemi-
cal plants) require multi-fathom harbors, while others (paper,
primary metals, power generatlon) reguire substantial water sup-
plies in the course of normal operations. Yet use of coastal land
for these uses alone has resulted in the loss of many miles of
scenic shoreline. 1In California, for example, power companies
have occupied large stretches of the coast for the siting of



26 Shoraline Recreation

power-generating facilities. Even for industries such as this,
ways should be sought to satisfy the gperatiocnal requirements
for water while minimizing the usurpation of coastal land to

meet these needs (see Chapter 2}.

Second, the expanding and coastward-shifting pepufation has
placed fantastic pressures on the shoreline for private devel-
opment. This trend is accelerated by continuing increases in
disposable income, leisure, and mobility. The demand for vaca-
tion homes and rescort communities by the sea has sent land
values skyrocketing. In South Carslina, the price of a front-
foot of shoreline is $1,600, while in Massachusetts the price
of an acre of shoreland has increased by a factor of five since
1965 to $50,000. Even the relatively wild areas of North
Carolina and Maine, far removed from pepulation centers and
lacking in good transportation facilities, are now in the hands
of speculators who are assured a fantastic profit in the not-too-
distant future. They are well awarc of how the craving for vaca-
tion space by the ocean "has led to the development in such
places as Virginia Beach, Virginia, and Ocean City, Maryland, of
coastal sections in which houses, motels, and hotels are built

as close as six feet apart for many miles along the beach."8

A third major factor contributing tc the decrease in avail-
able shoreline areas for recreation is p¢fifufion, which has de-
stroyed countless fish and shellfish areas and fouled beaches in
and around every major cecastal city. In Boston Harbor, many
islands would offer excellent opportunities for a variety of
water-related activities were it not for the poor water guality,
due in part to high bacteria counts resulting from municipal
sewage dumping and storm sewer overflow. il spills, pesticides,
and industrial effluents have also taken their toll of valuable
shoreline resources. The accelerated eutrophication of Lake Erie
is probably the most celebrated example of this serious problem.

A final element contributing to the decreasing supply of
coastal land is shoxe enrosion, which is often accelerated by

improper land use that stems from an ignorance of the dynamics
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of beach areas. A recent article entitled "America's Shoreline

is Shrinking"9 points out the sericusness of this problem:

From Cape Cod to California, America's ocean shoreline
is being cut and furrowed by ercsion. Much of this is
the result of the ceaseless action of waves and wind, a
combination of forces as old as the sea itself....[an
example is] the dramatic case of Cape May, New Jersey,

a famous resort area which has lost a fourth of its land
area to the combined action of wind and wave during the
last 30 years or so.

The State of Maryland loses about 300 acres of valuable
land every year along the shores of Chesapeake Bay....
Sections of shoreline at Point Hueneme, California,...
have receded as much as 700 feet in ten years.

The article goes on to point out how the natural forces of
erosion are greatly abetted by the actions of man. Joseph B,
Browder, a southern field representative for the Audubon Scciety,
has cited erosion in Miami Beach "caused by hotels built almost
right in the surf, housing projects built on thousands of once-
wild acres of tidal marshes."lo Yan McHarg, in his book Design
with Nature,11 has pointed out the dangers that trampling dune-
grasses, lowering the level of groundwater, and interrupting
littoral sand drift pose to the stability of dune formations.

He has this to say about such formations in New Jersey:

The knowledge that the New Jersey Shore is not a certain
land mass as is the Piedmont or Coastal Plain is of some
importance. It is continually involved in a contest

with the sea; its shape is dynamic. Its relative stabi-
lity is dependent upon the anchoring vegetation....

If you would have the dunes protect you, and the dunes
are stabilized by grasses, and these cannot toclerate

man, then survival and the public interest is well served
by protecting the grasses. But in New Jersey they are
totally unprotected., Indeed, nowhere along our entire
eastern seaboard are they even recognized as valuable....
Sadly, in Yew Jersey no...planning principles have been
developed. While all the principles are familiar to bot-
anists and ecoclogists, this has no effect whatscever upon
the form of development. Houses are built upon dunes,
grasses destroyed, dunes breached for beach access and
housing; groundwater is withdrawn with little control,
areas are paved, bayshore is filled and urbanized. Ig-
norance is compounded with anarchy and greed to make the
raddled face of the Jersey Shore.
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2. The General Picture

A summary of the tidal shoreline of the United States as
reperted by the U.S. Coast and Geodetic Survey (excluding Alaska
ang Hawaii) is given jn Table 3.1. The shoreline is one of our
most popular rescurces for cutdoor recreation and is in heavy
demand; yet, as the table shows, it is most scarce in terms of
public ownership for recreation. The 48 contiguous states have
nearly 60,000 miles of shoreline, of which about one-third is
considered suitable for recreational activities. This possible
recreation shoreline includes beach, bluff, and marsh areas that

. . .12
must meet the following criteria:

{l) The existence of a marine climate and environment;

{2) The existence of an expanse of view of at least five
miles over water to the horizon from somewhere on the
shore;

{3) Location on some water boundary of the United States,

Detailed Recreation Public Restricted
Sheoreline Shoreline Shoreline Recreation Stretches
Logation Stat. Miles Stat, Miles Stat. Miles Stat. Miles
Atlantic Ocean 28,377 9,961 338 263
Gulf of Mexico 17,437 4,319 i21 134
Pacific Gcean 7,863 3,175 296 127
Great Lakes 5,480 4,269 456 57
TOTAL 59,157 21,724 1,20% 581

Mileage of detailed shoreline, recreation shoreline, public
recreation shoreline, and restricted shoreline by major coast-
lines as measured using Coast and Geodetic Survey methods and
meeting criteria defined in text,

Source: Outdoor Recreation Resources Review Commission Study
Report No. 4 {1962), p. 11.

Takble 3.1 Tidal Shoreline of the United States
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The figures presented in the table indicate that less than
two percent of the total shoreline is in public ownership for
recreation, while only about 5.5 percent of the recreaticnal
shoreline is in public hands. On the entire Atlantic Coast,
only 336 miles of shoreline are publicly owned for recreation,
a mere threc percent of the total recreaticnal shoreline. Yet,
this coast contains the population concentration of the sprawling
Northeast megalopcelis and Florida. WNear these metropolitan
areas, the demands are the greatest, yet the available absolute
supply is small. Nationally, the coastal areas contain about
15 percent of the total land area, "but within this area is
concentrated 33 percent of the nation's population, with about
four-fifths of it living in primarily urban areas which form
about 10 percent of the total estuarine zone. The estuarine
zone then is nearly twice as densely populated as the rest of

13 Understandably, the disappearance of natural

the country."
beaches and other shoreline recreaticnal resources is most evident
near these most populous areas. "From Massachusetts to Noxrth
Carclina, in Florida, in California near Los Angeles and San
Francisce and along the Gulf Coast, a sprawling confusion of
buildings crowd the shore."l4 When the added effects of pollu-
tion (most severe in metropolitan areas) and erosion on existing
supply are taken into account, the situation becomes even more
critical. 1In the densely-settled North Atlantic and Middle
Atlantic regions, there are 5,912 miles of recreational shore-
line, of which 5,654 miles are under private or restricted public
control; hencc, 97 percent of the shore is inaccessible to the
general public! Yet, the pressures on shoreline facilities

near metropolitan areas are so great that freguently the waters,
even in busy harbors, "are used for recreational purposes by
those whe cannot afford to go elsewhere, regardless of whether

15 This points

the waters are safe for body contact or not."
to still another problem, the inability of low-income, less-

mobile groups to find suitable ceastal recreational facilities
anywhere but in the immediate vicinity of urban centers, where

the pollution problems are most severe, and where fewer beaches
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are available and oftentimes inaccessible due to gross overcrowding.

3. A Case Example

The critical magnitude of the supply situation with regard
to shoreline resources can best be demonstrated by considering
what has been happening in the State of Maine in recent years.
Maine's varied and beautiful shoreline is its greatest natural
asset. The coastal zone includes 10 percent of the total geographi-
cal area, 36 percent of the population, and 127 local governmental
units. Forty percent of the wages in Maine are generated in
this zone, while 60 percent of all recreational property and
seasonal residences are located there. Almost the entire coast
is steep, rocky bluff with cccasional small beaches of gravel
or mud.16 In many areas, deep water occurs close up to the
shore. The coast is very irreqular with numerous coves, inlets,
small bays, and similar areas serving as harbors or sheltered
areas. The shore area is only slightly developed with only 34
miles {(or 1.4 percent of the coastline) in public ownership for
recreation; the primary uses over the remaining 2,578 miles
are private with some commercial resort activity. The shoreline
is least suitable for swimming and water sports since there are
only 23 miles of beach along the entire cocast. The most suitable
activities are camping, hiking, boating, sailing, and sightseeing,
for which the 2,520 miles of ragged, rocky bluff shore provide an
ideal setting. However, these activities are severely restricted

in many places due to extensive private ownership of prime coastal
property.

Pollution has caused some problems with the taking of shell-
fish. By 1962, 67,000 acres of tidal flats had been closed
to shellfishing, a source of income and enjoyment to residents
and visitors alike. In the decade preceding 1962, the total
areas closed due to pollution increased by 12 percent.

By far the most serious question facing Maine with regard
to its shoreline rescurces is the extremely small percentage

of public ownership. 1In 1967, a land-use symposium, organized

by land consultant John McKee, pinpointed the issues relating
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to this gquestion and outlined the successes and failures of
Maine's governmental bodies in dealing with it. McXee and his
colleagues emphasized the public's right of access to unique
shoreline, not only to & "mudflat or a rundown beach, but to

a cliff and forest and c<ove--precisely the places that are selling
fastest today....Unless Maine decides right now to control the

promise of development, Maine's greatest asset will have been

|r17

squandered, irresponsibly, and definitely. Such warnings

have been given repeatedly over the last decade by professional
planners, newspaper writers, conservationists, and others concerned
with the rapid disappearance of Maine's precious coastal resources

into private control. The most recent of these was a series
of articles by Robert C. Cummings in the Portland Sunday Telegram.18
which outlined the results of a survey of real estate agents,

developers, town and city officials, and county courthouse records:

Maine has probably lost its chance for significant pub-
liec control over its 3,000 miles of coastline. Indeed,
before the end of this decade, it appears certain that
people will have to begin lining up before dawn on mest
good summer weekends if they want a spot at a public
beach,

This conclusion seems inescapable. Some waterfront state
parks are already turning away visitors by noon or earlier,
overall park usage is increasing at the rate of 20 per-
cent a year and State Parks and Recreation Director
Lawrence Stuart says flatly that desirable coastal prop-
erty has practically disappeared.

Campers fregquently have to wait in line all night for a
campsite to become available at Acadia National Park.
Persons who just want to go to the beach for an afterncon
will soon fage "seorry we are filled up" problems.

Dalton Xirk, supervisor of the park district that ranges
from Eagle Island off larpswell to Pemaguid, notes that
admissions to Reid State Park at Georgetown are up 20 per-
cent, despite the opening of a naw park across the Kennebec
River at Popham Beach.

Kirk says that already in his region the state parks pro-
vide the only opportunity for most people to get to the
beach, But Reid State Park twice this season has been
forced to turn away beachgoers when the nearly 900 parking
spaces were filled to capacity.
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and at Popham, cars are turned away almost every good
sunday afternocn by 1 o'clock....

The state has purchased another 25 acres of mostly beach
front this summer at Popham, and Kirk helieves the facili-
ties there can be doubled eventually. But this adds only
25 percent to the region's park capacity and the number

of visitors is growing at twice this rate. Kirk sees no
possibilities of further expanding Reid State Park with-
out destroying the naturalness of the area.

"We need to get any beach frontage that is left in Maine,"”
Kirk says. But if and when the State decides to buy, it
may find little property for sale.

While pessimistic about the future status of the coast for

public use, the series stresses the importance of recognizing

the critical nature of the preoblem in order to avoid the same

mistakes with inland lake and mountain areas, already under heavy

pressures of speculation and developnent.

While Maine debates the pros and cons of oil refineries,
sulfur reduction plants and aluminum processing, a guiet
revolution in land ownership continues which promises

to bar all but the most affluent from our 3,000 miles

of ocean frontage.

...develeopment has already progressed to the point where,
regardless of what the state does, there is unlikely to
be enough suitable ccean frontage to serve Maine and its
ever-increasing hordes of summer visitors.

Our survey reveals that Maine's coast has been sold, and
that the buyers are largely from out of state. Big

blocks remain in the hands of speculators and developers,
and while plans are being made, Maine citizens are wander-
ing at will as before, fishing the rocks, harvesting the
crops of wild berries and enjoying secret picnic spots.

But the pattern has been gset. Wildland that in some cascs
was sold for unpaid taxes as recently as a decade and a
half age is about to become sites for luxury vacation and
retirement homes with shore frontage selling for up to
$100 a foot--or $20,000 for a 200 foot lot.

Much of the coastal zone is in out-of-state ownership, which

averages 45 percent in the area but reaches 75 percent in many

communities, Many real estate brokers reported that 80 percent

or more of their business had been with out-of-staters. This

boom is related to all the factors previously mentioned: increas-
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ing populations, growing prosperity, and better transportation
such as the Maine turnpike and highway system that makes half

the state's coastline no more than a three-hour trip from Boston.
These factors, combined with the desire to get away from the
metropolitan atmosphere of city strife and pollution, have led
to the unprecedented demands currently placed on Maine's coastal
real estate. As a conseguence, "Maine residents, the greatest
number of whom find the stakes too rich for their income, have
found themselves shut off from the sea and the wilderness by
out-of-state buyers who put up a sign before they put up a

house."lg

Maine is not aleone in facing the difficulties here described,
All of the coastal New Encland states are now facing serious
problems with the saturation of existing shoreline facilities.
A general inventory of ccastal recreational resources for the
other New FEngland states of Massachusetts, New Hampshire, Connecti=
cut, and Rhode Island is included in the discussion in Section
VIII of this chapter. This inventory also reflects the critical
status of shoreline rescources which points to an immediate,
urgent need to protect all the shoreline resources still available,
and to leock for ways to reverse the trends of decreasing supply.
"The welfare of American society now demands that man-made laws
be extended to regulate the impact of man on the bigphysical
environment so that the natural estuarine zone can be preserved,
developed, and used for the continuing benefit of the citizens
of the United Statcs."20

We might ask why this has not been deone in the past. The
answer lies partly in the attitudes taken toward the coastal
zone within our institutional environment. Until recently,
most states and communities were not cognizant of the coastal
zone as an environment separate from cother regions of the state
and in need of special attention. In addition, there has been
a lack of cooperation and coordination among local, state, and
federal agencies, and private industries, especially where conflicts

of interest (economic or political) existed. Hence, most planning
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for the use of the coastal zone has been done by bits and pieces,
in small increments, and by reacting to crises when they materi-
alized (and usually too late for constructive action to be taken).
Pricr to World War II, what planning that was done on a national
scale had ocbjectives that "were largely resource-protection-
oriented, and the facility development which toock place during
the 1930's was directed far more at providing employment than
meeting, in a planned fashion, identified outdoor recreation
needs."21 Such thinking was in evidence when the naticnal park
and forest systems were established in western areas of light
population, far removed from the recreational needs of urban
centers. It seems ironic that planners would recognize the

need to preserve vast expanses of untouched wilderness in the
remote corners of the nation while ignoring the necessity of
protecting the relatively-limited coastal resources in the heart
of the country's most rapidly-expanding regions. UWot until more
recent times have investigations by the National Park Service,
the U.S5. Forest Service, and the Qutdoor Recreation Resources
Review Commission (ORRRC) brought te light the need for a broader
concern for all issues related to satisfying the nesds and
demands for all forms of ocutdoor recreation by present and future
generations. These studies for the first time demonstrated the
basic causal factorsz in outdeoor recreation demand. In effect,
they found that "adegquate planning for cutdoor recreaticon re-
quired larger concerns than the biophysical environment--that

the ccanomic ervirtonmeni--expressing the preference of society
for goods and services--and the inafi{fufional cnvircnmeni--de~
cisiong about the focus and characteristics of agencies charged
with the protection of resources and the provision of outdoor

recreation facilities--were egually important.“22

It is in this context that we identify the area cof shore-
line recreation to be in critical need of effective planning
and active land-use management, We will examine, within the
framework of Chapter 1, the sociology behind society's need for
ocutdoor recreation, the economics of shoreline supply and demand,

and the institutional aspect of coastal zone management, all in
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recognition of the limited tolerance of this finite and valuable
resource to the rude invasion of man, and all in the hope that
society will perceive the problems clearly and proceed to do

something about them.

4. Summary and Overview

The purpose of this section has been to provide a general
picture of the national supply of recreational shoreline. While
a detailed inventory was not included, it is possible to draw

some general conclusions by looking at the overall situatien.

The first statement we can make is that the shoreline of
New England in particular and the United States in general is
predominantly in private hands. $Shore property is highly desirable
for recreational use and as long as it is available there will
be pecple to buy it, regardless of the cost. In every state
the patterns of private ownership and development are similar:23
97.2 percent in Massachusetts with high development; 9%4.4 percent
in Connecticut with high development; 90.4 percent in Rhode
Island with high development; 88 percent in New RHampshire with
very high development; and 98.7 percent in Maine with initially
low but more recently a mushrooming development rate, Only
in the northernmost parts of Maine are there relatively large
blocks of shoreline that remain undeveloped, and even these
are presently in the hands of speculators and developers. To
make matters worse, it is almost universally the case that compe-
ting uses preclude use of the shoreline for public recreation.
"hepreation and commerce, recreation and housing, recreation
and industry, recreation and transportation...in most cases
cannot be carried on in the same place. The practical and aes-
thetic requirements of clean water, adegquate land area, safety
and pleasant surroundings, and necessary recreation developments
can rarely be assured in conjunction with commerce, industry,

housing and transportation."24

For years, many shore owners have permitted public access
and use of the beach and bluff areas in their possession. How-

ever, as the numbers seeking recreational pursuits in these areas
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increasc each year, many states are finding that their private
Owners are now limiting such activity to maintain their own pri-
vacy, Hence, as the demands increase, this one part of the
accessible supply is actually decreasing. The situation is typi-
fied in the words of Pat Sherlock of the Associated Press in an

3 n 25
article entitled "The Best of Maine Lost to the Rest of Maine":

The mountains are still there, the Atlantic Gcean still

crashes its surf onto the rocks as it has done since

the Ice Age and there is still some wilderness. It's

just a little farther away now--on the other side of

the fence.

A second major point to be noted is the present saturation
of most publicly-owned facilities. On the Connecticut shore,
where the recreation facilities are under strong demand precs-
sures from the dense New York-Connecticut metropolitan area,
local communities find it necessary to institute user fees,
parking charges, and other discriminatory devices to preserve
for the local residents what small amounts of shore are left
open to the public. The situation is much the same near other
pepulatien centers in MNew England. Beaches on Narragansett Bay,
Cape Cod, and in the Boston Metropolitan region are jammed almost
every weekend in the summer, while the beaches farther north
become more crowded each year as New Englanders search for new,
less crowded, accessible recreational areas. This trend is evi-
denced by the marked increase in traffie patterns this past sum-
mer leading from Boston to the southern parts of New Hampshire

and Maine,

The third and final major issue in shoreline supply is the
influence of pollution and erosion, often caused by heedless
development in ecologically-delicate areas. Pollution, usually
most severe where pecple are concentrated in large numbers, has
closed or destroyed beaches and pPresents a continucus threat
in places like Connecticut and New Hampshire, where available
beaches are scarce to begin with.

Sc this is the overall picture of shoreline supply: most
of the land is privately owned and developed and is becoming
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more restricted to public access as the demands grow larger:

and what is left in public lands for recreationm is either satu-
rated by hordes of users or unavailable for use due to pollution
or erosion, especially near large cities. All this is to say
nothing of the future, While the demands qrow at a breakneck
pace, the supply, limited to begin with, is shrinking steadily.
How can we expect to satisfy the demands of the future when we
are having trouble supplying that which is needed today? And
all this with effectively no shoreline left to do anything with!

In the next sections we develop the rationale for national
and regilonal concern for the problems of the shoreline through
a discussion of the needs and demands of American society for
outdoor recreation. Thus, the groundwork will be firmly estab=
lished for a substantive analysis of the problem, and what to

do about it, in the remaining secticons.

III. THE NEED FOR QUTDOOR RECREATION

1. Historical Attitudes

Since the earliest days of planning for outdoor recreation,
great emphasis has been laid on its value in helping cure the
ills of society. Many advocates of outdoor recreation described
parks, playgrounds, beaches, and other opportunities for recreational
activity as "veritable cure-alls which would isclate young people
from and imwounize them against the delinguency, alccholism,

26 In later

prostitution, and crime that abounded in the slums."
years, the emphasis shifted to the value of cutdoor recreation
in counteracting the harmful effects of the stress and tensions
of life in an urban-industrial society. Recreation generally
came to be viewed as a major solution teo the problems of mental
illness that were attributed to such tensions:

...people who advocated outdoor recreation were so con-

vinced of the health-giving virtues of rural life and

the desirability of defending rural and small-town

America against the surge of immigrants that there was

no need for evidence. The skeptic needed only te look at
the slums of New ¥York, Boston, or Philadelphia, in which
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trees, grass, and fresh air were rare indeed, while crime
and mental illness flourished.

. . . 28
Herbert Gans, the noted sociologist, has taken issue

with this orientation towards a causal 1link hetween recreation

and mental health:

...[These attitudes were] developed by a culturally
narrow reform group which was reacting to a deplerable
physical and social environment and rejected the coming
of the urban-industrial society. A&s a result, it
glorified the simple rural life and hoped to use ocutdoor
recreation as a means of maintaining at least some
vestige of a traditional society and culture. Given
these conditions and motivations, no one saw fit to
investigate the relationship between cutdoor recrea-
tion and mental health empirically.

How then can we go about determining what relationship,
if any, exists between recreation and mental health or, in
broader terms, the general health and well-being of man in modern
times? Hopefully, the answer to this question will shed light
on some very important issues in planning for the outdoor re-

creational needs of American society.

2. The Individual in Modern Society

Most psychologists and sociologists would concur that the
human predicament can best be described as the task of main-
taining a balance, both internally and externally, between man's

existence as an ¢igandsm and as a perdonafity. This predica-

ment is described by Lawrence K. Frank:29

So long as man lives, he must function as an organism
through his continual intercourse with the natural
environment, breathing, eating, eliminating, sleeping,
and sexual functiocning as a mammalian organism. Thus,
as an organism, man is continually exposed to a variety
of bioclogical and psychological signals to which he is
more or less susceptible; but, as a personality, he
must strive to live in his symbolic cultural world,
exhibiting the orderly patterned conduct and required
performance in response to the symbols and rituals of
his social order. He finds himself often "tempted"

by these potent biclogical signals but continually re-
minded by the symbols and especially by the expectations
of other persons, of the group-sanctioned code of con-~
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duct he is expected to observe. This conflict is lifa-
long and apparently inescapable unless the individual
withdraws completely from social life in some form of
mental disorders. A crucial prcbfem for mentad health
48 how an {ndividual can aescfve this conflict without
‘neurhing high cests psychofogically and pers istent
damage te his persenafite, and what searces he can vely
upon fon strengih and rencwal {a facing his LLfe tasks)
{Emphasis added)

Margaret Mead, the noted anthropclogist, has posed the

. ; 30
same problem in more sweeping terms:

There is good reason to believe that man's evolutionary
progress depends upon this ability to dream and to main-~
tain within himself, and through his culture, & balance
between internally oriented, proprioception and exter-
nally oriented, cxteroception. The disturbance of this
balance may be one of the factors which accounts for the
onset of boredem and apathy, the loss of evolutionary
vigor, and the decline of particular civilizations for
whose fall no adeguate external explanation has been
found.

The significance of these statements is consolidated in the

words of Herbert Gan5;31

Mental health is the ability of an individual as an

occupier of social roles and as a personality to move

toward the achievement of his vision of the good life

and the good society...mental health is a social

rather than an individual concept, because if society

frustrates the movement toward the good life, the mental

health of those involved may be affected.

There are considerable present-day indications that society
does tend in many ways to frustrate an individual's movement
toward the good life, and that it is increasingly difficult to
maintain the balance necessary for well-being as described
above. The characteristics and intensity of the emotional
stresses and strains of modern life have heen stated (and some-

times overstated) by many writers.

Many of the facts of urban life are inescapable. The air
environment is cften polluted by smog, gasecus effluents, par-
ticulate matter, and other contaminants; highways are jammed
with traffic; and noise and crowds are everywhere. The sociolo-
gical effects on man of such an environment have been discussed
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32
by Lawrence Frank:

We are beginning to realize that this urban crowding and
enforced contacts with strangers, plus the continual sen-
sory overloads, may have serious impacts on human person-
ality. Man is well prepared to deal with sudden emcrgen-
cies, to cope with physical threats and actual situations
that release his energies for overt activities, but he is
less well equipped to bear prolonged strain, to be unre-
mittingly alert and vigilant, under sensory overloads.
There is no doubt that the pollution, congestion, noise, social
ills, and just the hectic pace of the urban environment detract
from the well-being of those who live and work in the metro-
politan areas. These "sensory overleads" have particularly
severe effects on the low-income, less mobile groups that now
dominate the central cities. Here the sensory overload 1s com-
pounded by extreme crowding and oppressive living conditions,
by widespread nutritional inadequacies, and by the frustrations

of unemployment, drug addiction, and high crime rates.

Having established that health can best be understood as a
product of the interaction between an individual and the total
physical and social environment that he experiences, and, recog-
nizing some of the impediments to the maintenance of a healthy
sociological balance in this interaction with present-day soci-
ety, we must now ask: what part can outdoor recreation play
in helping the individual maintain this balance sc vital to his
mental health and physical well-being?

3. The Role of Outdeoor Recreation

Recreation has always been a prime cobjective of life, even
since the times of the early Greeks of the fifth century B.C.
Today, most Americans, when given an opportunity to diminish
their sensory overleoads through a change of routine, "will spend
a summer afternoon in a suburban backyard around a barbecue, in
a city park, or at the nearest swimming pool or beach. Given
the chance and the means for a weekend or a vacation away from
home, they will take to the country, the mountains, or the sea-
shore.“33 It seems undeniable that the opportunity teo secure

and the ability to participate in satisfying leisure behavior
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are fundamental ingredients in any determination of the "good
life.," Satisfying leisure behavior, according to Gans, is "the
emotional relaxation, reduction of fatigue, restoration of

energy lost elsewhere, and general recreation without ill

effects."34

The question now is: what is the role of outdoor recrea-
tion in relation to satisfying leisure behavior? No one can
deny that sericus emotional and nervous tension exists today and
that many people find release in outdoor recreational activity.
"But it is by no means clear that everyone, or even a majority
of persons, suffers from severe strains and stresses; moreover,
a substantial proportion of the population apparently rarely or
never engages in outdoor recreation....Although much is made of
the increase in tension and strain, yet it is a fact that ne

comprehensive continuous effort has ever been made to measure

35

these factors..." S0, while there are obvious positive bene-

fits to be derived from outdoor recreational activity by many
persons, it should not be pointed to as a panacea for the many
ills of society. Herbert Gans has presented the most incisive

approach to the issue.36

I am saying that feilsure and recreation ane a constditu-
ent part of mental healtfh, but they cannot by themselves
bring about mental health, cure mental illness, or pre-
vent it...they are essential and desirable, but they

are not so important as economic opportunity and secu-
rity, positive family life, education, the availability
of a variety of primary and secondary group support, and
the like...the recogniticon of the limited significance of
outdoor recreation in the treatment of perscnality dis-
orders should not blind us to the potential significance
of it for developing and sustaining healthy perscnalities.
Indeed, we may find that recreation, especially outdoor
recreation, paovides one of the mesf promising approaches
tv the efusdive goal of mental heafth as a form of "primany
prevention® of mental L£E£ heafth., 1In and through out-
door recreation the individual, especially in early life,
may develop the self-confidence, the elasticity, and
spontaneity for action and expression of feelings which
will enable him to cope with city living and indoor
working, while maintaining his physical and mental health.
{Emphasis added}
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Hence, we should view outdoor recreation for what it really
is: not a solution or counteraction of the evils of urban-indus-
trial society, but an enjoyable form of leisure behavior that
appears to contribute to mental health in that it offers "a
change from one's daily patterns and an opportunity to find
self-identification and personal achievement in ways that the

daily patterns do not afford."37

4. Conclusion--The Appreach to Planning

We have conecluded that the arguments for the psychological
and emoticnal need for outdoor recreation may have been over-
stated, Each individual takes a different view of recreation,
depending on his preference and personality, is conditioned by
his physical and economic development, and is influenced by his
age and sex. FProm this we can see that the collection of mere
extensive data on leisure behavior is immensely important, "If
we can discover what needs and aspirations people are trying to
fulfill and can rececgnize what may be blocking or frustrating
their quest, we can understand better what provisions to make
for future recreation. Also, we may find some clues to the
meaning of outdoor recreation for the individual personality

and its significance for mental health."38

How then are we to plan for outdocr recreation? It is
clear now that this presents a wide variety of sociological
questions of long-term pelicy and many subtle problems not easy
to define or resolve. Yet it seems undeniable that recreational
activity hags great social significance and personal value for
millions of American citizens. While the empirical evidence
is relatively sparse in support of the case for the psychological
and emcticnal need for outdoor recreaticn, it is clear that

the demand for this type of activity is very strong and is rapidly
increasing:

-..to ask whether cutdoor recreation is important to
the mental health of Americans is, in one sense, tanta-
mount to asking whether the full and rich life is impor-
tant; and the answer of course is clear...the degree
of crowding at our parks, our ski slopes, beaches, pic-
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nic sites, and even our mountain trails is clear evidence

of the popular response to this question,3?

This suggests that the best way to plan for recreation is
to adopt a usci-cndientrd approach that will provide the recrea-
tional facilities that are presently used and preferred by those
seeking satisfying leisure behavior. Having recognized this, we
now turn toc a look at the patterns of recreational demand in
this country, with a focus on the New England region. There is
unanimous consent that on the basis of these trends, demands
for outdoor recreation in the future will far surpass those which
we have experienced to date. Also, it has become clear that--as
indicated by most studies that guestion people about their lei-
sure-activity preferences--the biggest demands will be for water-
related activities, especially swimming. Hence, in the next sec-
tion, we apply this approach in determining the user demands
for outdcor recreation, with special emphasis on the shoreline.

IV, THE DEMANDS FOR QUTDOOR RECREATICN

1. Basic Trends

At this point it is clear that outdoor recreaticnal acti-
vity can be considered an important component of a full and
well-adjusted life for most Americans. Thus, it should come
as no surprise that the demand for such activity is surging,
spurred by increases in the causal factors of population, dis-
posable income, leisure, mebility, education, and overall stan-
dard of living. The Outdoor Recreation Resources Review Com-
mission, in a report40 to Congress in 1962 entitled "Outdoor
Recreation for America," noted and documented these causal
factors and their influence on recreational demands. It was
the conclusion of this report that as the levels of these fac-
tors rose, the growth of outdoor recreatiocn demand would accele-
rate even faster, and in a sustained fashion, than the net in-
crease in population:

Whatever the measuring rod...it is clear that Americans

are seeking the outdoors as never before. And this is
only a foretaste of what is to come. Not only will there
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be many more people, they will want to do more and they

will have more money and time to do it with. By 2000

the population should double; the demand for recreation

should triple.

Having noted the increasing trends in the principal socio-
economic variables affecting outdoor recreation, the prospect
for future demands is clear.

The indications are imposingly those of a more-so

society. Attendance and use figures for cutdoor areas

are already reflecting the trends of related factors

and are rising at continued high rates. National park

attendance rosge from about a million in 1920 to 102

million in 1964. Total state park attendance increased

from about 6% million to 285 million over the years 1942

to 1962. Some areas, particularly those which are

water-oriented, are experiencing even higher rates of
increase in use. In view of the trends in recreation
participation and in the factors having a direct rela-
tionship to cutdoor recreation, greater pressures on
recreation resources seem inevitable.4l
Dr. Marion Clawson, in an article entitled "The Crisis in Out-
. 4 . .
door Recreation,” 2 concluded that the projections of these
principal factors to the year 2000 point to a ftenfofd increase
in the demand for outdoor recreation from 1950 levels. A re-
port of more recent survey information on recreation trends up
until 196% has indicated that "present and anticipated in-
creases in major summertime outdoor recreation activities far
surpass predictions made by the ORRRC in 1960."43 This study
predicted that by the yecar 2000 participation in the major forms
of summertime outdoor activities will be four times greater than
it was in 1560.

Having established some generalized trends in overall recrea-
tion demands, our next task is to look at the present and pro-
jected patterns of those demands by examining the participation

tates for various ocutdoor recreational activities.

2. The Patterns of Demand

The patterns of demand as expressed in participation rates
and user days, the most common indicators of recreational acti-

vity, are shown for the United States (1960) in Table 3.2.
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Us NE US NE us NE
% participating days/person days/participant
Picnicking 53 57 2.14 2.81 4.0 4.9
Driving for pleasure 52 54 6.68 7.21 12.7 13.4
Walking 53 43 4.34 ¢€.45 13.1 15.1
Attending sports events 24 22 1.32 1.1s 5.5 5.2
Attending concerts
outdoors 9 13 .21 .33 2.4 2.5
Swimming 45 53 5.15 6.82 11.5 12.9
Playing sports 30 314 3.63 3.91 12.3 11.6
Fishing 29 21 1.99 1.76 6.8 B.5
Boating 22 21 1.22 1.38 5.5 6.7
Canoeing 2 2 07 .09 3.0 3.1
Sailing 2 2 .05 .06 3.0 2.5
Waterskiing [ 4 .30 .29 5.1 6.5
Bicycling 9 9 1.75 1.47 19.4 16.3
Camping 8 5 .46 .33 5.7 6.9
Hunting 3 2 .19 W22 5.6 8.9
Horseback riding 5 4 42 29 7.5 6.8
Hiking 6 7 .26 .28 4.4 4.2
Nature walks 14 15 J75  1.14 5.2 7.5
Mountain climbing 1 2 .04 .06 3.7 3.6

Participation rates for the United States and the Northeast
{Maine, New Hampshire, Vermont, Massachusetts, BRhode Island,
Connecticut, New York, New Jersey, Pennsylvania)l during June-

August 1960.

Percent of persons 12 years and over participating

Days of activity per person
Days of activity per participant

Source: "National Recreation Survey," ORRRC Study Report

Ne. 19 (1962).

Table 3.2 Patterns of Demand in the United States
and the Northeast Region

These indicators are listed for various outdoor activities and

comparisons are made between the averages of the entire United

States and the Northeast region,

The first major trend of note is that Americans most fre-
quently participate in simple activities that are usually inde-

pendent of age, income, education, or occupation.

Driving and

walking for pleasure, swimming, picknicking, and sightseeing
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lead the list of outdoor pursuits in days of activity per person.
Driving for pleasure is the most popular and, together with
walking for pleasure, accounted for about 33% of the total U.S.
activity days per person for the period in guestion, and 37% in
the Northeast. Walking for pleasure is very popular in the

urban Northeast even though cities often lack safe, scenic ped-
estrian areas free from annoying air and noise pollution. Walking
is an important type of recreation for older citizens and for
those with infirmities. Although nature walks arc of a low pref-
erence, those in the Northeast participate at a rate twice that
of other regions. Sightseeing ranks among the highest desired
activities especially for weekends and vacations when more time
is available for longer trips than on weekdays. This has parti-
cular significance for New England where tourism is a major fac-
tor in the economic¢ posture of most states. Pienicking is en-
joyed by 57% of the people in the Northeast and is frequently
combined with driving for pleasure on day outings.

A second notable trend is the generally higher level of par-
ticipation rates and user days in the Northeast in the most
popular activities such as picnicking, driving, walking, swimming
and playing sports. In metropolitan areas of this region, more
people spend more time in these activities even though in the
inner cities (where there is most need for more outdoor recrea-
tion} one finds the lowest rates of participation associated
with low-income and poorly-educated people living in opprcecssive
surroundings. Outdoor recreation does not play an important
role in the leisure time of these groups due to the lack of
nearby facilities and the lack of money and adequate transporta-
tion to get to more distant areas. Both of these observations
indicate that outdoor opportunities are most urgently needed
near metropolitan areas; yet this is where available land is the
scarcest. It is preobable that at least B0 percent of the total
population will live in these vrbanized areas by the turn of the
century. These people will have the greatest need for outdoor
recreation, yet their need will be the most difficult to satisfy

since urban areas have the fewest per capita facilities and the
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greatest competition for land.

A third major trend is the pervasive attraction of wafex-

griented acti\rities.44

Most people seeking outdoor recreation want water to

sit by, to swim and fish in, to ski across, to dive

under and to run their boats over. Swimming is now

one of the most popular outdoor activities and is likely

to be the most popular of all by the turn of the cen-

tury. Boating and fishing are ameng the top 10 acti-

vities. Camping, picnicking, and hiking, also high on

the list, are more attractive near water sites.
Swimming, fishing, boating, canceing, sailing and waterskiing
accounted for 26 percent of the total U.S5. user days per persen
reported in Table 3.2, In this regard, Wew Englanders lead the
nation in per capita participation in water-related outdoor rec-
reation, as shown in Table 3.3, Swimming seems to have special
importance to urban dwellers since 49 percent of the metropoli-
tan population (versus 38 percent of nonurban dwellers) parti-
cipated in the activity. In the Northeast, 53 percent of the
population swims, For the U.S§. as a whole, 17 percent of those
not participating expressed a preference for swimming. This

points to an extensive need for swimming facilities to be

Activity New England days/yr U.S. average days/yr
All swimming 11.53 6.84
Ocean swimming 3.11 1.58
Fishing 3.05% 2.26
Motorboating 2.71 1.56
Waterskiing .75 .42
Sailing .62 .16

Source: 1965 Survey of Outdoor kRecreation, Bureau of Qutdoor
Recreation, U.§S. Department of the Interior

Table 3.3 Participation in Water~Related Activities

provided close to demand centers, especially in urban areas,
where coastal beaches are generally already used to capacity.
In terms of attendance, the beaches of New York {Long Island)},
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Maryland, Virginia, Massachusetts, Florida, and California, all
centers of large urban populations, are the most heavily used
in the United States. The 1965 survey (Reference 43) reported
that swimming, ranked second at that time in user participation,
was becoming so popular that it will be our number cone outdoor
recreation activity by the year 1980! In addition, boating and
other water-related activities will continue to increase as
leng as access points and suitable water areas are in adequate
supply. In some areas there are so many boats at anchor that
room for turn-arounds is fast disappearing. In Rhode Island
aleone, three hundred new pleasure boats are bought annually,
all in need of docking accommeodations,

A final trend of importance to be noted here is the great
demand for activity close to home. People seeking outdoor rec-
reation do so within definite time patterns that can be classi-
fied as day outings, weekend or overnight trips, and vacaticns.
The most frequent of these is the day outing, which can pres-
ently be considered as the fundamental time unit of outdoor rec-
reation. Most indications are that, at the present time, people
will drive one way about two hours, a distance that varies from
30 miles to as much as 90 miles, for outstanding recreation
sites like ccean beaches or scenic campgrounds., For the weekend
or overnight outing, the median travel distance is about 90 to
125 miles. While many vacationers will travel many miles on
week~ or two-week-long wvacations, by far the greatest demands
are placed on the facilities serving daily and weekend outings.
Hence, pressures are greatest within about 125 miles of metro-
politan centers, with maximum demands at those facilities in
clogse proximity to the central cities. For example, in 1954,
the Massachusetts Department of Natural Resources reported:45

-..80 percent of the ocean beach capacity lies within

the Metropolitan Parks District, where 2 million people,

more than 40 percent of the State's population live.

Within this district, where the beaches can accommodate

15 percent of the resident population, use on peak days
taxes their capacity heavily.

The situation is much worse now in 1971. All this peints to
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the great importance of "providing outdoor recreation facili-
ties close to where people live so that individuals of all ages
can go frequently, as contrasted with the occasional longer
trips and annual vacation pursuits."46 Hence, today's problems
"do not center on the acquisition of the unique and dramatic
resources for the public, but on the broad availability of out-
door recreation for everyone and often: nearby open areas for
weekend visits by moderate-income urbanites are more character-
istic of our recreation needs than the annual trip to a faraway
area of unforgettable beauty by the fortunate persons who can

get there."47

3. Factors Affecting the Demand for Shoreline Resources

The enormous recreational demands for shoreline resources
are conditioned and directed by three important factors, as
described by the ORRRC48

2) the availabifity of the area for recreaticnal activities,

in 1962: 1} the type of shoreline,

and 3} the accessibifity of the area to those desiring shoreline
recreation.

There are three fypes of shoreline: beach, bLufd, and wet-
{and. Of the three, beaches are by far the greatest in demand
because of the wide variety of recreational activities that
they support. Bluff shores, characterized by bank, bluff, or
cliffs immediately landward of a narrow beach, provide "a marine
environment, scenic values of a high order, and freguently the
isolation many outdoor recreation seekers prize so highly."49
As such, they are in demand chiefly by hikers, campers, and
sightseers who form a sizable group but are small compared to
the hordes who flock to beaches. Wetlands are characterized
by tidal or nontidal marsh., These shore areas are least in demand
a2s recreational areas, although they are very attractive to
developars who would fill in the marshes for commercial building.
Yet of all the shore areas, the wetlands are probably the most
valuable in the ecological sense because of the wide variety
of fish, plant, and wildlife that they support.

The second factor in the demand for shoreline resources is
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avaifability, or the absence of restrictions that inhibit the
use of a particular area by would-be recreationalists. This
restriction ccould be due to private ownership, high fees, lack
of adequate support facilities such as parking, or pollution.
In general, "the only beaches widely available teo the publie
are public beaches, and even some of these are restricted.

For example, some municipal beaches admit only bona fide citi-
zens of the municipality. OCthers practice some form of segre-

w30 such as exorbitant parking fees for nonresidents.

gation
Especially distressing is the fact that of all the coastal

resources as of 1960, only about six percent are public recrea-
tional areas, while the other 94 percent are not available for

public recreation due to private and military ownership.

The availability of recreational activity also has a def-
inite sensitivity to the guality of the environment in which
that activity takes place. "The guality of water is as impor-
tant as the amount of surface acres, miles of banks, or loca-
tion. Pelluted water in the ocean, a lake, a river, or a reser-
voir is of little use for recreation. Pollution by human or
industrial waste is only one aspect of guality which conditions
the available supply. The silt load, the hottom condition, tem-
perature, and aquatic plants also affect the usability of water

for recreation."Sl

Yet, in most major cities, pollution has
destroyed the availability of otherwise ideal recreational op-
portunities, just where they are needed most (Boston Harbor,

Lake Eric, etc,).

Finally, the demands for cpagtal activity are conditioned
by the access4ibility of available and suitable shoreline re-
sources. Accessibility of a recreational area to any given user
depends in part on that user's income and mobility. While the
upper-income urban groups can often afford sither second homes
in some distant recreational areas or extended stays at re-
sorts, the great majority of people in the middle-income brack-
ets prefer to vacation within a maximum of approximately 90
miles of the urban areas, while low-income residents of the
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central city often are not able to leave the confinecs of the
metropelitan area at all. Hence, the enjoyable use of ceoastal
recreational resources for these groups is closely linked to

the availability and suitability of beaches that are within

{or very necar} the metropolitan area itself. Yet, it is in

these areas that the demands from the competiny uses of private
housing, commercial and industrial development, and transportation
are all extremely heavy, while the problems of pollution are
particularly severe.

4. Sumuary

We have seen in this section how the demands for outdoor
recreation are great--especially for water-oriented activitieg--
and will inevitably increase rapidly with the upward trends in
population, leisure, income, and mobility. The combined multi-
plying effect of these trends--more per capita leisure, mobi-
lity, and income applied to a population expected to double be-
tween 1960 and 2000--is projected to be a ¢1(pling in the demand
for cutdoor recreation from 1960 to 2000, while much of this de-
mand will be concentrated in the densely-populated metropoli-
tan areas. We have also noted that shoreline resources have a
particular attraction for large numbers of people, while their
demands are conditioned by the type of shoreline, its accessi-
bility, and its availability.

From this outline of the proportions of future demands
for outdoor recreation, we can draw some clear implications
as to the future of shexpfine recreation. With continuing increases
in population, leisure, income, and mobility, the demands for
shoreline recreation should {1{p{e¢ before the turn of the century.
Such an increase is staggering when we consider that our pubfic
coastal facdfities ane atready fiffed to capacify, while there
is no room left for expansion through acquisition and development
since the remainder of the shoreline is already owned for private
development! Each summer we feal the pinch of this disproportion-
ate situation of shoreline supply and demand as hordes of recrea-

tionists crowd the beaches, especially near the cities, along the
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entire perimeter of the nation.

All this points to the great value that Americans place
on outdoor recreation, especially that which is water-related.
In the next section, we will find that further exploration of
this value will give us a firm ratienale te serve as the basis

for the analysis in secticn VII.

V. THE VALUE OF SHORELINE RESOURCES TO AMERICAN SOCTIETY

The fact that the demands of aAmerican society for shoreline
and other outdoor recreational activities are so great is clear
indication that we attach significant value to this aspect of
our experience. This value is manifest in a humber of forms,
the most important of which are 1} the intrinsic value to the
health and well-being of all citizens, and 2} the concrete
economic value to regional communities. We shall explore both
of these,

1. The Intrinsic Value of Coastal Resources

The preceding discussions on the great social significance
of outdoor recreation and the fantastic demands that we now see
for shoreline activities point to the unique and intrinsic value
of our coastal zohe as a recreational rescource. This value has
been pointed out by the ORRRC: "Of the many outdoor recreation
'environments,' mountaing, seacoasts, deserts, and woodlands,
the shoreline appears to have an unusually strong appeal for
Americans."52 This is true because of the wide variety of easy,
active forms of recreational activity that the shoreline affords.
This wide variety includes swimming, skindiving, beachcombing,
motorbeating, sailing, canceing, waterskiing, and fishing. Many
other activities, such as picnicking, camping, sunbathing, and
walking are greatly enhanced by proximity to the ocean. Beach
shoreline, in most cases, offers the cheapest and most enjoyable
recreatjon uses for large numbers of people.

Going into the surf is fun whether one swims or not.

It is not necessary to be a mountain climber to take
walks along the keach, and beachcombing is an activity
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that appeals to everyone from toddler to octoegenarian...

here, land and water are easily accessible; the viclence

of breaking surf and the warm safety of relaxing sands

are but a step apart; the stimulation of the foreign

environment of the water and the relaxation of sun-

bathing are nowhere else so easy of choice. Physical

sport and mental relaxation are equally available.53

An additional use of coastal areas, and probably the most
widespread, is for esthetic enjoyment, especially along bluff
shoreline.

Tourists from the interior states are always eager to

view such sights as ships coming under the Golden Gate

Bridge into San Francisco Bay, the lovely solitude of

Fort Sumter as it rests seemingly impregnable in

Charleston Harbor, and the parade of ships in and out

of New York Harbor. Attractive scenic vistas are not

for the tourists alone, but hold a certain magnetism

for residents of the coastal cities as well. Cne has

only to scan the real estate advertisements to realize

the premium value on waterfront or waterview lots, 54

All these values of the shoreline are magnified by its
accessibility to large populations. "This unique combination
of available rescurces in close proximity to large population
centers offers an unparalleled recreaticnal oppertunity for many
people who could not afford to travel far from their homes,“SS

and as such is an invaluable asset of this nation.

The coastline has great value in another important sense,
Although man is a social being, performing social activities
such as recreation, he is also a bhiological organism, "one
species among many who depend upon each other and upon the
natural environment for their organic needs...his very survival
depends upon the intricately complex, ecological balance among
all plants and animals within their respective geologic and

n56 This points to the unigue value of

climatic environments.
the coastal zone as an ecological system and as a basic element
in the environmental life cycle of all living things. The many
forms of fish and wildlife found solely in the ceoastal and
estuarine zones are an integral part of this ecosystem, together
with all other life-forms that exist in the beach, bluff, and

wetland areas of the shoreline. There is a clear and pressing
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need to preserve the vitality of all such ecological systems,
at the very least until man can determine their ultimate impor-
tance as a component part of his own life cycle and those of
other forms of life on this planet. "An awareness of man's
place within the total natural environment is clearly essential
to the understanding of the very nature of man and to his best

adaption to this environment."S?

2., 1Impact of Recreatien Spending on the New England Ecenomy

Recreation and tourist spending are mainstays in the eceno-
mies of the New England states. In Maine, New Hampshire, Vermont
and Massachusetts, this "industry"” stands as the sccond largest
source of revenus. Recreation in New England is a booming busi-
ness and is expected to grow rapidly with increaszes in popula-—
tion, leisure time, and income, aided by the higher mobility

brought on by better roads and other transportation facilities.

Nationally, expenditures on recreation and travel have
been increasing at a substantial rate. In 1964, 23.8 billion dol-
lars were spent in the U.S. on recreation, a 500 percent in-
crease over expenditures in 1940, while the total population
increased by 45 percent during the same period.Sa In 1960,
leisure-time spending was 12 percent of all personal consump-
tion expenditures. BAlthough outdoor recreation is cnly one of
many kinds of leisure behavior, it accounted for one-half of
this spending, or 6 percent of all expenditures. In addition,
one-half of all cutdoor recrecation spending occurred while away

from home communities.59

Table 3.4 shows the total recreational trade revenues gene-
rated in each New England state in 1963. 1In Maine, only revenue
from forest products exceeds that generated through recreation
and tourism, which contributes 400 million dollars per year.60
From 1958 te 1962, a short span of four years, there was a 58
percent increase in hotel and motel receipts. Fer capita re-
ceipts of 56 dollars are well above the U.S. average of 48
dollars.
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Per capita
Amusement & Recreation Hotels, Motels, Tourist receipts
Services (no movies) Courts, Camps Total trade*
{thousands deollars) {thousands dollars) {dollars)
Total Total @& change Total Total
State estab,trade from 1958 estab.trade % change

Me. 540 12,965 55 1402 41,730 14 56
N.H, 401 20,451 89 1146 38,747 19 91
vt. 219 11,994 119 749 26,340 50 96
Mass. 2324 100,581 34 1376 127,103 30 42
R.1. 439 22,076 34 172 11,715 33 38
Conn, 1009 35,090 48 562 44,000 27 29

*D.5. average per capita expenditures: S$48.

Spurce: U.5. Dept. of Commerce, Bureau of the Census, Census
of Business, Vol. VI, 1563.

Table 3.4 Service Trade Revenues in New England - 1963

In New Hampshire, vacation spending was responsible for

249 million dollars, or 20 percent of total income during 1960.°51
2lthough total spending by vacationers was 146 million dollars,
the initjial recipients spent money on wages, rent, supplies,
ete,, s0 that final expenditures, through a multiplier effect,
were calculated to be 249 million dollars. Receipts from amuse-
ment and recreation increased BY percent,62 while per capita re-
ceipts were 91 dollars. Spending by out-of-state vacaticners,
who owned 60 percent of the seasonal houses in 1960, creates
25,000 additional jobs during the summer months and provides the

principal source of income for many seaboard towns.

In Massachusetts, income from tourism in 1968 was over one
billion dpllars, the state's second largest source of revenue.
In eastern portions of the state, recreational spending has in-
creased only 4.5 percent a year while U.S. spending on recreation
increased 20 percent and travel by 14 percent.63 Employment in
recreation and tourist industries is becoming less important in
relation to total nonmanufacturing employment and is also falling
absolutely. This is happening because the supply of facilities
has not kept pace with the demand and facilities have become
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rundown and overcrowded. Historic sites are the most popular
attractions but they are poorly promoted, poorly coordinated,
financially weak, and ill-equipped for a greater influx of tourists,
Hence, many residents find activities in neighboring states

much more desirable. Even so, tourist flows of 12 million per

year are expected to increase to 24 million by 1950, based on
existing traffic patterns and Massachusetts' share of the national
market, Cape Cod is economically dependent on the resort business
and expenditures there are to increase from 92 million dollars

in 1960 to 227 million by 1980. The main problem in Massachusetts

is clearly saturation of existing facilities.

In Rhode Island, the shore industry has been growing by
2 millicn dollars per year since 1352 when revenues totaled
18 million dollars from tourist spending.65 By 1970, 45 million
dellars is expected annually in such revenues, From 1458 to
1962, this state experienced a 34 percent increase in receipts
from amusement, recreation services, and lodging facilities.
Per capita recejpts totaled 29 dollars in 1963.

VI. ANALYSIS QF THE ALLOCATION OF SHORELINE RESOURCES

The allocation of coastal resources in this country has
always been determined within the cconomic environment of the
private manketplace and the {nstitutional environment of focaf
political dec{sion-making. In the analysis of these mechanisms,
we can determine what factors have led to the present shortage

of shoreline supply for outdoor recreation uses.

1. The Economic Environment

In the economic analysis of Chapter 1 we saw that the pri-
vate marketplace is the mechanism through which society exer-
cises the choice between alternative allocations of scarce re-
sources, If certain basic conditicns are met, there will exist
a set of market prices such that profit-maximizing firms and
benefit-maximizing consumers who respond to those prices will
automatically direct the economic system into the most efficient
(consistent with the values of society} allocative position.
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However, even the most loyal defenders of the competitive market
system will admit that there are circumstances in which markets
fail to provide worthwhile outputs and underproduce others. We
have investigated when and why private markets might not work
well in order to determine steps that might be taken within the
institutional environment to correct for misallocations of

scarce resources, We found that the characteristics of some
goods, which we call "public goods" point to the breakdown of the
allocative price mechanisms since they all involve violations of
the necessary conditions of a properly-functioning market., The
crucial point is that freguently the total opportunity costs to
society are not reflected in the price of those goods, &although
the social kenefits of having an individual ceonsume/produce {or
not consume/produce) a particular commodity may exceed his pri-
vate benefits, he will base decisions only on his private bene-
fits. The private market, fefi afone, fends fo produce foo many
private goods and too few public geods. This happens because the
public goods are undetvafued within the private market and are
unable to compete on an egual footing with other goods in the
allocation of scarce respurces. For this reason, government must
step in and initiate some form of collective action in order to
maintain social balance and achieve an efficient resource alloca-
tion consistent with the overall goals and values of societyl

We are now in the position to make the connection between
shoreline recreatiocnal rescurces and their allocation in a pri-
vate market economy. In the discussions of Chapter 1, we noted
that society often places a high value in charging coffeciive
institutions with the responsibility of allocating the scarce
resources we have classified as public goods. Examples of such
goods are police and fire protection and public education.

The high societal value placed on such goods stems from the

idea that everyone in a democracy has certain inalienable rights
to them and that everyone, regardless of income, should derive
egual benefit from their provision. The tremendous importance
attached to such goods demands that they be allocated with ex-
treme care to ensure that all members of present and future
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generations can derive maximum benefit from their use.

In this context, it seems clear that the American
shoreline should be considered a public good in every sensec of
the word. We have established that it has an intrinsic value to
spciety as a recreational resource in that everyone in a demo-
cracy has an inalienable right to derive equal benefit from the
value of shoreline recreation to his physical, mental, emotional,
and general well-~being.

A new slogan, declaring that recreation is the fifth

freedom that we now urgently need to gain and enjoy the

other four freedoms, might elicit a nationwide response

and a reaffirmation of our traditional goals and historic
aspirations.

Seen as an indispensable, vitally imperative need in the
great movement for human conservation, we can say that
opportunity for outdoor recreation today is also an un-
deniable human right in a democracy...no one rhould be
deprived of outdoor recreation through which individuals
can make human living more significant and fulfilling,
more conducive to the realization of their human poten-
tialities and attainment of our enduring goal values.66
Hence, the unique nature of the coastal zone as a recreational
resource, as an esthetic attracticon, and as a fish and wildlife
habitat important in their ecological links to man make it an
invaluable component of the human environment. As such, we
identify thec shoreline as a public good of the highest
value and in need of most careful allocation. Yet, in the past,
it has been precisely this wvalue that has been subordinated
to the more immediate economic needs and demands of society. 1t
is important to discover why this has happened, why there has
been a serious misallocation by the private market of this
scarce and unigquely wvaluable natural resource, and how we can go

about correcting previous crrors.

Historically, those uses that could pay the highest prices
for the land have preempted most of the shoreline. These uses
have most fregquently been for industrial and commercial develop-
ment, housing, and private recreation, all of which have for a

long time been well-established in the competitive marketplace.



shoreline Recreation 129

The allocative mechanisms of the market have functioned well with
regard to the distribution of coastal land among these competi-
tors. Unfortunately, public recreaticn has never been able to
participate effectively in the competitive process. Hence, the
bids for land from these uses far outstrip these of public recrea-
tion and have led to the supply situations discussed in previous

sections, i.e., most of the shoreline is in private hands,

Competition for coastal land is particularly strong near
the metropolitan areas where the demands for private recreation,
housing, commercial development, and industrial development
are all heavy. This results in severe escalation of shoreline
land prices, even at greater distances from urban regiens where
the competitien is usually between public and private development
for recreation. Even here the demands of private parties for
recreational shoreline have forced the prices beyond the reach
of many local economies. The Bureau of Dutdoor Recreation has
pointed out this keen competition between individual developers
and public agencies for prime recreation lands, especially those
that are water-oriented. In a 1967 report67 on land-price escala-
tion, the Bureau reported that land values were generally rising,
on the average, from five tn ten percent annually, while the
prices of lands suitable for puklic recreation were rising at
considerably higher rates. As an example, the report cited
an initial appropriation ceiling of 14.0 million dollars estab-
lished by Congress for the acguisition of land for Point Reyes
National Seashore in California that was subseguently raised
to 57.5 million dollars, an amount more than four timeg the

original authorization.

As long as there was plenty of available shoreline to
satisfy all the demands from competing uses while still pro-
viding adeguate opportunities for those seeking recreational
activity, there was ho perceived need to reject the private
market as an allocative system. Even today, the market is func-
tioning in a predictable way: as the supply gets smaller in
the face of heavy demands, the price goes up. However, it is
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now clear that the conditions necessary for an optimal alleca-
tion of resources consistent with the values of soclety are no
longer fulfilled in the operations of the private market re-
garding the coastal Zone. One difficulty, clearly involved with
sotme aspects of shoreline allocation, is that it is often impos-
sible to put a Price on certain values, much less find a way ta
translate these values into réevenue. For example, consider the
difficulty in trying to determine the value (in dollars and
cents) of bluff shoreline ag an esthetic attraction. Conceivably
4 developer could provide coastal roadways with scenic vistas
and charge user fees; but the uncertainty in setting a fee based
on willingness—to-pay and the prospect of little or no short-

term return on a large investment makes this highly unlikely.

Another relevant point jis that people will often misstate
their values, depending on whether or not they think something
will be provided anyway. This would come into play if a state
wera to try to decide on a tax to be levied to support the provision
of recreational facilities. Most people, when asked, would
understate their values to minimize tax payments, and the resulting
tax revenues (if based on what the people said) would be too
low to effectively finance proposed programs. This fact, together
with the large numbers of pecple who must be polled, lead to
high transaction {contracting] costs in the gathering of such

information and seemg to Provide an insurmountable cbstacle
{in many cases) to the gearing of any system that allocates
public goods on an individual's willingness to pay. On the
other hand, the development of the shore as vacation home sites

would provide an immediate return on investment that is determined
by a well-defined price. The same is true of most other uses

for the shoreline: hotels, motels, factories, and power plants

i all begin to show relatively high return on investment shortly

Wi i

after they are put into cperation. Public recreation in general,
such as ocean swimming at a beach, ranks low in this regard;
unless a developer decides to provide facilities on a large

4 scale {such as amusement parks), there is little chance that

4 public recreational uses can compete with private, commercial,
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and industrial development. Yet, use for public recreation

may well represent the largest value to overall scciety although,
regrettably, this value is the least quantifiable. As long

as a public good such as shoreline recreation is not forced

to compete with other uses, there is no need for any valuation

at all. In present-day circumstances, however, there is not

much shoreline left for development, and all uses must compete
under the same ground rules, Hence public recreation, undervalued
because of the difficulties outlined above and lacking in any
mechanisms to discover and translate true values into revenues,

has been priced out of the market.

Another way to view this problem is from the standpoint
of side ef{fects that accrue to future generations. We have
seen that public recreational uses, undervalued as a public
good in the private marketplace, cannot compete effectively
with private development for commerce, industry, or housing,
while these activities almost universally deny other uses, especi-
ally public recreation. HNow, this consumption and subsegquent
exclusion of the shoreline by private development gives rise
to the side effect of lost opportunity to future generations
to use this rescurce in its unigque capacity for recreational
activity. Under normal conditions (price fixed at proper level),
this exclusion is an indication of a properly functioning market.
However, in the context of undervaluation, exclusion results
in an allocation of the good in a way that is inconsistent with
the overall benefits and values of society. Since information
on the true value of the resource for recreation is hard to
determine within the framework of the price system, and since
the transaction costs of transferring information of this kind
(even if it were available) inte revenues are prohibitive, the
market mechanism fails to provide reasonable competition in
which recreation uses could participate. If recreation values
could be imputed by the market, it is likely that the private
costs for the shoreline would be astronomical (even relative
to today's prices) and would greatly alter the patterns of
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consumption., But since they are not, since the true costs {inclu-

ding the externality of lost opportunity for public recreation
in the future) are not generally included in the price of shore
land, the public must bear these social costs while the pattern
of private consumption and development continues unchecked.
These factors point again to the identification of our natural
shoreline as a public good in sore need of a means of allocation

other than that provided by an inadequate private market.

This completes the description of the e¢conumic enviaenment
within which the allocation of shoreline resources takes place.
But this is only half the picture, since historically the pri-
vate market has been subject to regulation within the imstitu-
tional environment of Ffecal pof{tical decisi{on-maki{ng. This

is the next topic for discussion.

2. The Institutional Environment

The institutional environment of the American shoreline
is made up of a large, diverse group of governmental units having
some jurisdiction and control over varying amounts of coastal
property, usually through local ownership or state authority.
These units establish the political and legal constraints under
which the private market operates. Trom this complex structure
of fragmented municipal, state, and federal responsibilities
for the management of coastal affairs stem the barriers to ef-
fective rosolution of conflicts among different interests com-
peting for the use of the same resource. The nfannding vf pub-
Pooo mecheationad senvices has frnaditicnally been carnied out
through the process of feecal pofitical decdsion-mak{ng whife
the state of the techidiques by which decisions are made 44
depressugly foew, At all levels, shoreline recreation has en-
countered the common nemesis of all public services--"the
stifling effect of jurisdictional boundaries whizh, by a curious
osmosis, permits the diffusion of problems throughout the reagion,
while blocking any corresponding flow of governmental responsi-
bility."68 This points to the natural consequences of frag-
mented political contreol. While the shoreline ig obviously
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no respecter of political boundaries, its control is distributed
among discrete units. These units are virtually forced to act
inefficiently with respect to the values and interest of the
overall society of the region due to 1) the nature of the demands,
2) the irregular distribution of the resources, and 3) the par-
ticular economic and political context within which each unit

makes decisions.

The aspect of demand that contributes to an inefficient
allecation of coastal property by local communities has to do
with the ever-increasing mobility that brings hordes of recrea-
tionalists to any richly-endowed area within an expanding radius
of urban areas. This, combined with the irreguiar distribution
of these areas within the regqion, results in a steady flow of
recreation seekers to prime sites from nearby towns, other

states, and even more distant regions. The consequences of this

situation are described by the ORRRC:69

First, there is no logical place in the conventional
government structure where responsibility to deal with
this mercurial problem has been fixed. The problem
certainly transcends the local community; but we find

it also overflowing the region and the State, and at

the very top, it spills out of the Nation. Then, the
richly endowed community finds it increasingly difficult
to have its exclusive claim to these riches recag-~
nized....wWhat happens, in effect, is that the rescurce
rich communities find themselves exporting tremendous
volumes of free recreation services, frequently at a
substantial social cost to themselves from the oparation
and maintenance of facilities and from the debasement

of the recreation facilities to their own residents.

One reaction has been to wall out the problem by restric-
ting the use of the resource: Public beaches confined
to the use of local residents, stream banks and wooded
areas taken over by private "clubs." Carried to an
illogical extreme, as such things sometimes are, the

end result of this process is that a few have super-
lative opportunities for outdoor recreation, while

the great majority must compete for the services of a
limited supply of mediocre-to-poor recreation resources.

It is not unreascnable to state that we are now approaching
{in many ways) that illogical extreme. Already we have noted

the “fencing out" tendency of local communities and private resi-



134 Shoreline Recreation

dents in Connecticut and even Maine, while fees and other re-
strictive measures to limit prime beaches to local residents

are commonplace on Cape Cod and in many other areas.

The particular ecenemic and pofiticaf context within which
local governmental units make decisions about shoreline use
can also lead to inefficient allocation on a broad scale.?o
The political crganization of the coastline is the historical
one of many small communities, each with control over a limited
segment of coastal property. The only political mechanisms
that are available to help correct private market deficiencies
in shoreline allocation are the local zoning and taxation poli~
vies of this fragmentation of leocal community control. We have
already seen how the uneven distribution of prime recreational
shoreline property places heavy demand pressures from the region
on specific communities, making their coastal property more
valuable than some neighboring towns not similarly "blessed" with
good beaches or scenic shore. Yet, in the absence of this value
being properly represented within the private market {where the
local community operates), local governmental units make deci-
sions based on other considerations. This can best be illus-
trated by looking at the decision-making process involving a
specific coastal zone project, perhaps a power plant project.
It is important here to distinguish between two types of benefitsg
(or dispenefits}) of such a project--direct and {indireect. Direct
effects are those that accrue to the consumers or users of the
project, the user of the power supplied, the former bathers
on a closed beach, the swallowers of polluted air, the viewers
of marsh wildlife, etc. All of these effects are felt by the
local community a2nd by the regional society in general. Yet
only those benefits (or disbenefits) that accrue to the local
populace enter into the decision. The community may be willing
to give up beach or bluff property to have a power plant which
will increase its tax base or bring a handsome profit to the
former owners of the site., However, this may not be an optimal
allecation of that rescurce on a regional basis. But the "votes"

of the reqgion are not counted--only those of the local community
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affect the decision!

We might ask why a community would be willing te give up
this valuable property in such a way? The answer is that the
local community within its particular economic and pelitiecal
context is alsoc subject to the second type of benefits—-~inditect
or secondary effects. These effects accrue to the suppliers of
the resource that make the investment possible., For example,
construction workers who build the plant may spend a substantial
portion of their paychecks in the locale of the plants, certainly
benefiting local merchants, doctors, and bar owners. These
people, in turn, spend some of this money in the locale, and
s0 on, in the traditional multiplier effect. Values that arise
in this manner are also called paxochial effects and include
the effects on local payrells, retail earnings, and the broadening
of the tax base (usually a very powerful factor). For the local
community, these benefits are very real; but, considering the
regional economy as a whole, parochial benefits are not net
benefits since the secondary benefits associated with one location
will be about the same as those associated with an alternative
site (barring large unemployment differentials). Thus, parochial
benefits represent a transfer payment from one place in the
economy te ancther, with no net benefit associated with the
choice of site (even though there is a net benefit te the community
chosen). Yet parochial benefits can be overwhelmingly impor-
tant to political bodies representing the local community.
As a result, a local community can rationally view a project
in a very different manner from the regional economy as a whole.
The region and the local community feel positive and negative
direct effects such as the power generated or the beach lost-=
the community alone feels the parochial effects such as a broadened
tax base. These added benefits will persuade the community
to act in its perceived self-interest and approve the power
plant siting, with no consideration of the negative direct effect
to the region as a whole. Such things have happened on the
Maine coast where much of the loss of shoreline property came
"with the encouragement of state and local agencies and officials
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eager for new taxable property and the jobs that developments

w7l

generate. John McKee, the Bowdeoin land-use expert, has said

"it is surprising how many people will sacrifice their coast.
n -4 "72
They say, if it'll bring in the tax dellar, let's do it,

Sometimes other forms of very leocalized political pressures
hinder effective planning for coastal land use and management,
& case in point is that of the tiny town of Harpswell on the
Maine coast. 1In 1969, a Planning Board was crcated to assist
the selectmen in considering some of the questions related to
the future growth of the town. By the 1970 town meeting, the
board had developed the preliminary plans for a three-year proj-
ect and had obtained the needed appropriations from the lgcal
voters. A chronology of subsegquent events has been described in

a recent edition of the Maine Times.73

With a complcte map of the town and a detailea scil

map, the Planning Board plunged inte the nitty-gritty

of formulating its first land use ordinance. The threat
of unregulated subdivision secmcd urgent. Out-of-town
developers had purchased a 400-acre plot on Great Island,
and some 3000 additional acres would soon be up for grabs.
Less than one-tenth of the town's 24 square mile area

had already been developed, and there were no local
restrictions to inhibit irresponsible exploiters of the
land.

The Board also sensed some danger from within., Local
devclopers had divided their land into undersized lots
for trailers and small houses. Operating on shoestring
budgets they built inadequate roads--impassable to school
buses and fuel trucks in the spring--and petiticned

the town to take over road maintenance and/or improve-
mant .,

Slowly working their way through three rough drafts,
the Board and its consultant, John Atwood, created an
ordinance aimed at developers whose land use practices
(insufficient soil surveys, inadequate sewage and water
systems, narrow roads) would not be in the best inter-
ests of the Town of Harpswell. Nine detailed sections
dealt with the necessity for both a preliminary and
final subdivision plan to be submitted to the Board;
design standards for streets, sidewalks, lots, schools,
etc,; performance quarantee; character of the develop-
ment: variations and exceptions.

The release of this proposed plan triggered a great deal of
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pelitical infighting. Some Harpswell citizens opposed any form
of land-use regulation and were vociferously against the plan
{and seemingly the word "planning" itselfl).
Seme interpreted the ordinance to mean that they would
have to demolish their own homes, remove lobster traps
from their vards, receive permission to cut down a tree
on their property. Others were moved to protest that
it discriminated against the poor, the young, the large
family. Discussion was propelled by emotional arguments
which the Board was unable to direct into more reason-
able channels,
The anti-planning group gained strength, including among its sup-
porters several local developers and contractors (who supplied
bus transportation for local voters to the town meetings). As
a result, the plan was defeated and the planning beoard was abol-
ished at the next town meeting.
Harpswell's future was on the line, and she stood
defenseless before those who cared not for the common
heritage of coastal land...with no planning board and

no land use laws, Harpswell waits naked for the devel-
opers' invasion.

What happened in Harpswell,...could have happened in

any Maine town that has not yet confronted the ques-—

tion of its destiny.

The problems within the institutional environment are fur-
ther complicated by the attitudes that some states have pre-
viously held in failing to regard the coastline as a separate
resource in need of regulation on the state level. For example,
in 1967 Maine citizens approved a four-million-dollar bond issue
for park and coastal acquisition, even though the legislature
insisted on a provision prohibiting the use of eminent domain
powers. Yet, as of mid-1%970, "though prices in the meantime have
doubled and quadrupled, and tens of thousands of desirable acres
have changed from open space to luxury developments, the State
Parks and Recreation Department has spent only $567,000, less
than 12 percent of the money the voters authorized. &and only
part of the purchases have been coastal property."74 This, of
course, is only part of a larger overall problem with institu-

tional inveolvement in ceastal allocation. In the absenrce of any
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Long-range plans, Local and siate governmenls wsuafly take an
inctremental approach to satlafying increasing demands for shore-
£ine necneation [and most othen things, for that maiften]. Most
governmental units react only to short-range prcoblems of supply
and demand for shoreline facilities because of a lack of funds.
This is understandable to the extent that states and local govern-
ments do not have the large amounts of money necessary to compete
on the private market for all the cecastal land that is needed,
since there is no existing mechanism by which the values of

the users of a public beach can be measured and translated into
revenues. Thus, the only choice for government is toe try to

buy small stretches of shoreland when it is needed, to plan

only for the demands of the next five or ten years. But, while
this has been going on, potential sites have been privately
bought and developed to the point where, as we have seen, prac-

tically nothing remains to be acquired.

3. Summary

Having recognized the high intrinsic wvalue of our shoreline
as a recreational resource in need of careful allocatien, we have
found the private market to be inadequate for the task of allo-
cating this resource within the present socioceconomic and insti~
tutional environment. We conclude that market mechanisms will
result in an allocation of the coastal zone which may be sericus-
ly inconsistent with the values of regional society. Standard
market imperfections such as undervaluation of public goods and
side effects work to price the general public out of the market
for recreational areas without having a similar effect on private,
commercial, and industrial development. In addition, the politi-
cal organization centrolling the use of shoreline land through
local zoning and tax policies also contributes to a misallocation
of coastal resources since, even if each community operates op-
timally within its own bounds, the total shoreline allccation will
not be optimal, due to the lack of consideration of alternatives
in which one community specializes in certain shoreline functions,

while another specializes in some other activity. Local planning
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may even lead te allocations that are wense than those of
an unrestricted market, since whenever a local board is faced
with a development proposal, its first thought is toward the
immediate secondary or parcchial benefits of the project: the
effect on local payroll and retail earnings, broadening of the
tax base, etc. Yet these benefits are not #ct benefits, but
transfer payments from some other part of the regional economy.
In addition, the planning procedure of meeting increasing demands
on an incremental, piecemeal basis clearly wastes opportunities
for acguisition of valuable coastal acreage that is rapidly
bought and developed for private, commercial or industrial use.
The absence of any long-range planning on the part of state
and local governments has clearly contributed te the formation

of the crigis we face today.

The final guestion to be resclved is: given the inade-
quacies of the present system and the critical need for coastal
zone allocation consistent with the values of society, what are
the alternatives to the present allocative mechanisms? Tt is
clear that something must be done right away to satisfy the
demands of the immediate future; but there are also serious ques-
tions of long-range policy to be considered along with current
needs,

VII, A NEW FRAMEWORK FOR COASTAL ZONE MANAGEMENT

We have argued that the present allocative mechanisms of
the private marketplace and local political decision-making are
sorely deficient in their ability to respond to the needs and
demands of American society for shoreline recreational resources.
Hence, we must turn to a consideration of some new economic and
political framework that will correct these deficiencies. Imme-
diate steps must be taken to formulate a policy that success-
fully comes to grips with the complex issues that are raised
when the present system is rejected. The purpose of this sec-
tion is to focus attention on the political and economic ques-—
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tions that must be dealt with in the formulation of long-range
policy. 1In Section VIII we will make scme specific suggestions

as to measures that might be effective in the short run.

If the allocation of the shoreline as a public good is to
tc be handled in the public sector, then the first requisite is
the development of some alternative pelitical framework within
which management of the resource can take place. We have seen
that the present framework of local political decision-making
is wholly inadeguate, while no political mechanisms exist that
deal with our coast as a separate and unique entity. Yet clearly
the social costs and bencfits of shoreline recreation go beyond
every municipal boundary and spill over from state to state.
It is clear that new institutional arrangements must be made
sc that long-range, comprehensive planning policies can be formu-
lated in the development of a recreational system and to determine
that allocation of coastal rescurces among multiple uses which
maximizes the benefit to society in general. What are these

new arrangements to be?

A major criterien that ghould be applied te new institutions
is that the political decision-making unit affecting any parti-
cular use of coastal resources must be sufficiently broad so
that the parochial benefits of a given development project are
not nect benefits within the unit's jurisdictional boundaries.

We will recall that a coastal town may decide to zone its coastal
property for industry, generating (secondary) benefits for the
town, but net for the regicnal economy as a whole {e.g., if

the area is a valuable beach site). If a state or regiocnal

body makes the decision, a breoader consideration of benefits

to the regional populace should result. In this way, a greater
range of social costs and benefits can be weighed in the decision-
making process! The clear implication is that planning for

the use of coastal resources must be carried cut at a more broadly-
based governmental level.
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1. Recent Legislative Activity

Much careful consideration has recently been given to this
issue at the federal level, beginning with a report75 to the
President and the Congress in 1962 by the Outdoor Recreation
Resources Review Commission {ORRRC). This study outlined the
status of outdoor recreation in America, describing in depth
the conditions of supply and demand as outlined in this artiele.
To resolve the problems of shoreline recreation, the ORRRC called
for the establishment of new guidelines for planning and pelicy
and the design of new institutional a¢lfat{cash{ps to manage
the complex set of interdependences in a systematic way. These
relationships would entail a redistribution of responsibility
among governmental levels, with the sfafevs playing the pivotal
role and the federal government taking on the responsibility
of developing and maintaining the viewpoint and interests of
the naticnal system as a whole, while coordinating activities
and providing a mechanism for the xesclution of conflicts between

states.

More recently, a number of other studies have made recom-
mendations as to the proper political framework for sound coastal

zone management. These include:

13 A report by the Commission on Marine Sciences,

Engineering, and Resources.

2} The "National Estuarine Peollution Study," sponsored
by the Water Pcllution Control Administration of
the Department of the Interior {(November 1969}.

3 The "Ceoastal Zone Management Conference ,” House of
Representatives Subcommittee con Oceanography of
the Committee on Merchant Marine and Fisheries
{October 1969).

43 A Report to the Committee on Multiple Use of the
Coastal Zone of the Hational Council on Marine
Resources and Engineering Development on “Coor-
dinating Governmental Coastal Activities" (Septem~-
ber 1968).
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1) Report of the Commission on Marine Sciences, Engineering,
and Resogurces

This commissicn, headed by Dr. Julius A. Stratton, was
formed in 1966 by the Marine Resources and Development Act and
charged with the responsibility of formulating a program of
national action for the most effective use of our marine re-
sources and a plan for governmental organization for the fulfill-
ment of that program. The relevant recommendations of that com-
mission were put forth in a statement by Dr. John A. Knauss,
former Chairman, Panel on Coastal Zone Management of the Commis-

; 76
gion:

A major conclusion of our Commission was that the
primary problem in the coastal zone was a management
problem with all the attendant problems that proper
management implies. It is true that the Federal, State,
and local governments share the responsibility to devel-
op and manage the ceastal zone, In reviewing the situa-
tion, we concfuded that effectfive management fo date

has been thwanted by the vandety of Govennment junis-
dictions invobved at aff fevefs cof Government, the Low
prionity adforded fo mandine mattexs by State govern-
ments, the diffusion of nesponsibility among sfate
agencies Lo devefop and {mpLement Long hange plans...the
Commission was of the opinien that the states must be
the focus for responsibility and action in the coastal
zone. We believe an agency of the State is needed with
sufficient planning and regulatory authority to manage
coastal areas effectively and to resolve problems of
competing uses.

We recommend that a Coastal Management Act be enacted
which will provide policy objectives for the coastal
zone and authorize Federal grants-in-aid to facilitate
the establishment ¢of State coastal zone authorities em-
powered to manage the coastal waters and adjacent land.
(Emphasis added}

2} Department of Interior Report--The National Estuarine
Pollution Study/7

The recommendations and proposed program outlined in this
report put forth the policy objectives for a comprehensive
National Program for Coastal Zone Management and spelled out the
suggested reponsibilities and roles of the Federal, State and
local governments within such a program.
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3)

What is proposed is a program that recognizes the
primary responsibilities of the States in a management
program for their estuarine and coastal areas, and on
the Federal side provides for the coordination of
Federal activities in these areas and for assistance
to the States in their management activities.

Any comprehensive naticnal program for the estuarine

and cecastal zone must provide flexibility in many ways

to fit regional and local conditions and situations,

but regardless of variables it musi cstablfish a guiding
poficy and a set of objfecti{ves. Regardless of variables,
in order to be effective the program must provide for:

1) Planning and implementation; 2} active administration,
coastal coordination, and financing; 3) the development
of the knowledge and data necessary as a basis for all
action.

The recommended National Policy will put in effect

a comprehensive national program for the effective
management, beneficial use, protection and development
of the estuarine and coastal zone of the Nation invel-
ving Federal, State, and lecal governments, and public
and private interests in an appropriate manner. It
will permit the optimum use of this vital rescurce by
recognizing the existence of competing uses and accom-
modating them through appropriate management and,
further, conserve these resources in such a manner as
to keep open the options for various uses in the future
and not foreclose them. This management system will
recognize the primary and constitutional role of the
States in managing their resources as well as the role
of the Federal Government in protecting the wider na-
tional interest. The principal goal of the naticnal
program is the use of the estuarine and coastal zone
for as many beneficial purposes as possible and, where
some uses are precluded, to achieve that mix of uses
which scciety, based on both short- and long-range con-
giderations, deems most beneficial. (Emphasis added)

Coastal Zone Management Conference78
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These hearings brought together a wide range of parties in-

volved in the problems of coastal zone management. The tone of

the conference can best be illustrated by excerpts from some of

the testimony given therein:

Statement of Dr. Samuel A. Lawrence, Former Executive
—-_ 0 AT T . T T ™ T
Director, Commission on Marine Sclences, Engineering
and Resources

...We need to establish a2 firmer legal framework for
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ownership and use of coastal and ocffshore lands. Above
all, the commission concluded, the pressures for mul-
tiple use of these limited coastlands require an orga-
nized approach in order to coordinate the separate plans
and activities of Federal, State, and local government
agencies and of private persons and corporations.

S5tatement of John R. Quarleg, Assistant to Under-Secretary
for Environmental Planning, Department of the Interior

There appears to be develovning something approaching a
consensus that responsibility should be vested primarily
in the State government and exercised at the State level.

...I don't believe anyone who has sericusly focused on
the problem thinks that the Federal government can,

from Washirgton and from the Federal level, devise
management plans which properly would anticipate the use
that each acre of land should be devoted to over the
years ahead, so the Federal government needs to be ruled
out as being the primary responsible agency in manage-
ment of coastal areas.

...The localities, I would suggest, are not suitable

for exercising these functions., It has been fairly
widely recognized that localitics suffer from deficien-
cies of not having strong staffs, skilled people to deal
with some complex problems. Also, of course, they are
extremely concerned with development of their individual
tax bases of assessable property within the town limits.

These considerations, however, I would suggest, overlook
the principal difficulty with leaving responsibility at
the local level, which is that good plannlng from this
time forth needs te encompass a range of vision beyond
town limits,....Development cannot be done well on a
local basis....I think that, regarding this problem on

a naticnal level, serious consideration must be given

to whether we can ¢ontinue to allow areas which can be
seen as needed to meet other needs to be used for resi-
dential development.

¢ National Council on Marine Resources and Engineering
DeveloPmenL on "Co-Ordinating Governmental Coasctal
Activities" /¥

4) Report to Committee on Multlple Use of the Coastal Zonec of

The primary aim of this study can be described as follows:

= to recommend means of coordinating governmental agencies

acting in the coastal zcne:
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~ to identify gaps, overlaps and inadequacies of coordina-
tion in the activities of federal agencies in the coastal
zone and to recommend appropriate solutions;

- to identify the need for improving federal-state rela-
tionships in the coastal zone and to recommend appro-
priate solutions.

The report identifies four basic uses of the coastal =zone:
enfogment, thansperfation, rnatienal defense, and fand use.
Some of the recommsndations and conclusions regarding land use
and enjoyment are directly pertinent to this study. One such
recommendation urged that the Department of the Interior lead a
multi-agency study to paopese national objectives and geafs
for enfegment of the coastal zone. This study would "address
such matters as 1) the relative roles ard values of low-density
enjoyment, such as preservation, conservation, hiking and hunting
vis-a-vis high-density enjoyment, such as bathing beaches, mari-
nas, athletic facilities and entertainment; 2) future recreation-
al requirements, their types, guantity, and distribution; and
3} rational, measurable objectives, related to economic benefits
achieved and foregone, to help fill the partial void now facing
federal agencies when tradeoff decisions must be made between
gquantifiable economic effects and many as yet unguantified enjoy-

ment values."

The repert geoes on to conclude that considerable effective
federal-state coordination can be obtained "through improved,
tempered use of such means as the normal course of business:
informational services, mutual assistance, grants, subsidies
and regulations. Where interstate conflicts arise that could
not be handled by existing institutions (river basin commission,

etc.), new institutional arrangements should be created.”

As a result of the conclusions and recommendations set forth
in these and other studies on coastal zcone management, consider-
able attention has recently been devoted to the forming of new

legislative proposals at the federal level. Among them are:
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1) A bill (S.2802) to assist the States in establishing
coastal zone management programs--introduced by
Senator Warren Magnuson (D.-Wash.]), August 8, 1969

2) A bill (H.R.14730) to provide for the effective
management of the Kation's coastal and estuarine
areas--introduced by Representative Alton Lennon

{D.-N.C.), Novembher 6, 1969

3) A bill {S.3183; H.R.14845) to provide for the estab-
lishment of a national policy and comprehensive na-
ticnal program for the management, heneficial use,
protection, and development of the land and water

resources of the Nation's estuarine and coastal zone

- introduced in the House of Representatives by
Representative Fallon, November 18, 1969

- introduced in the Senate by Senator Boggs,
November 25, 1969

It would be useful to examine the provisions included in these
bills so that we can compare them tc the emerging concepts that

make up the new political framework for coastal zone management.
1) 5.2802

This bill, recognizing the harmful side effects of unplanned
and poorly-planned development of coastal resources, declares
that the policy of Congress is to "preserve, protect, develop,
and where possible restore the resources of the Nation's coastal
zone. ..through comprehensive and coordinated long-range planning
and management designed to produce the max.{mum benegit fon socd-
ety from such coastal areas.” To facilitate such planning at
the State level, the National Council on Marine Resources and
Engineering Development may award grants-in-aid {(or underwrite
bond issues or loans) to coastaf authorities {designated by
the Governor of a Ccastal State through legislative or other
processes) to assist them in developing a Long-nange masten plan
for the coastal zone and in implementing a devefopment phrogram

based on such a plan. To secure the Council's approval the State
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plan

must:

set forth desired goals and standards:

promote the balanced development of natural, cormercial,
industrial, recreational, and esthetic resources and
to accommodate a wide variety of beneficial uses;

estimate future population and the needs of the above

competing uses for coastal land;

include diagrams for the most efficient, peneficial,
and liveable interrelationship of these uses;

gather information on the existing land-use regulations
and consult with various governmental bodies whose
jurisdiction extends over territory located in the
coastal zone {local, regional, port, intrastate, and
Federal authorities).

In addition, the bill provides autherity for the development of

the coastal zone in accordance with the master plan through the

use of land-use and zoning requlations, acquisition of lands

through condemnation or other means, and the issuance of bonds.

Also, the coastal authority has the authority to review all

State and local projects and to reject developments that do not

147

comply with the principles and standards set forth in the master

plan.
2}

U.R.14730

Finding that the rapidly intensifying use of coastal and

estuarine areas has outrun the capabilities of Federal, State,

and local machinery to plan their orderly development and to
resolve conflicts, this bill declares to be the policy of Con-

gress to foster the effective utilization of coastal and estu-

arine areas through assistance to coastal states in the devel~

opment of a management system permitting conscious and informed

choices among development alternatives, This Act would empower
the Administrator of the National Oceanic and Atmospheric Agency
to make grants (or underwrite bonds and loans) to state coastal
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authorities provided that the authority submit and obtain appro-
val of a long-range planning proposal that must incorporate a
number of particular considerations as ocutlined in the bill.

These include:

identification of the coastal areas requiring concerned

attention and development of a plan for their most

effective utilization;

- provision of machinery for the resolution of conflicts

arising from multiple use;

- provision for necessary enforcement pOWers through zoning,
permits, licenses, easements, acguigition or other means
to assure compliance with plans and resolve conflicts

in uses;

- provision for coordinaticon with local, State, and Federal
agencies, research institutions, private organizations,
and other groups as appropriate to provide a focus for

effective management;

- fosters the widest possible variety of beneficial uses
to maximize social return, achieving a balance between

the need for conservation and for economic development;

~ takes into account the rights and interests of other

States and respects Federal rights.

3} 5.3183; H.R.14845

This legislation, submitted to the Congress by former
Secretary of the Interior Walter J. Hickel, is based on the
findings of the National Estuarine Pollution Study and an inter-
departmental Coastal Zone Task Force chaired by Under Secretary
of the Interior Russell E. Train. Under the provisions of the
bill, the Secretary is authorized to make grants to any coastal
state for the purpose of assisting in the development of a com-
prehensive management program for the land and water rescurces
of the coastal zone. In order to qualify for such grants, the

coastal state must demonstrate to the Secretary compliance with
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the following reguirements:

- the coastal state must be organized to implement a
managament plan;

- the agency or agencies responsible for implementation
must have the regulatory powers necessary to implement
the plan, i.e., permit authority, authority to acquire
interests in land through eminent domain and zoning,
authority to require conformity of local zoning to
the State plan:

- the coastal state has developed and adopted a manage-

ment plan for its coastal zone;

- the plan must include identification and recognition
of national, state, and local interests in the pre-
servation, use, and development of the coastal zone;

- the plan must identify and describe means by which the
management proposal will be coordinated with inter-
state and regional planning;

- the plan must be developed in cooperation with relevant
Federal, State, and local governments, and all other

interests;

- the plan must develop a feasible land- and water-use
plan, reasonably reflecting the needs of industry,
transportation, recreation, fisheries, wildlife, natural
area protection, residential development and other public
and private needs, both in the short and the long term.

The bill makes additiecnal provisions for interagency coor-

dination and cooperation on the Federal level.

The Secretary shall not approve the plan submitted by
the State...until he has solicited the views of Federal
agencies principally affected by such plan or his evi-
dence that such views were provided the State in the
development of the plan. In case of serious disagree-
ment between any Federal agency and the State in the
development of the plan, the Secretary shall seek to
mediate the differences....Federal agencies shall not
approve proposed projects that are inconsistent with
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the plan without making investigation and finding that
the proposal is, on balance, sound. The Secretary shall
be advised by the heads of other agencies of such prob-
lems and be provided an oppertunity to participate in
any investigation.

2. Establishing a New Political Framework

Based on the analysis in this article and the conclusions
and recommendations of the aforementicned studies, we are now in
a position to outline some of the considerations that would go
into the legislative formulation of a new political framework
for coastal zone management. It appears clear to us that the
destiny of shoreline resources should be removed from thec hands
of local decision-making and entrusted to a broader-based gevern-

mental unit,

Many of our prescnt-day problems, such as air and water
pollution, electric power production, and land use, are inher-
ently #¢gionaf in nature and could seemingly be handled most
efficiently by negicnad governmental bodies. But if we are to
assume that it is desirable to work within the existing govern-
mental structure, then it seems that the sfafzs should play
the primary role in coastal zone management. We must be care-
ful, however, to realize that even the state may not be breadly
ba:ed enough te handle many coastal land-use problems. We have
noted how the trend toward increasing mobility and the uneven
distribution of suitable coastal opportunities has made the
problems of shoreline recreation ignore all state and local
boundaries, especially in New England where coastal facilities
are often within a two-hour drive from many parts of the region.
The problems of inefficient allocation, which arise because de-
cisions are based on considerations of secondary benefits, are
not restricted to the local communities. This could happen at
the interstate level, especially when there is a large discrep-
ancy in the economic posture of two nearky states., For example,
Massachusetts is a well-developed and economically healthy State
with a large population, while Maine is eccnomically depressed
and low in population. Hence, these States might take a differ-
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ent orientation toward the development of the Maine coast. The
State of Maine might welcome oil refineries and industrial com-
plexes as a stimulus to the State cconomy, while the residents

of Massachusctts value the coast as a unigue recreational OpPpOr -
tunity, especially since Massachusetts' shoreline facilities

are already used to capacity. But the benefits and disbenefits
to the regional society outside of Maine's boundaries will snot
be included in the determination of the costs and benefits of
particular development projects. Hence, the state will make
decisions based in part on the parochial effects to the state eco-
nomy; yet this may constitute an inefficient use of the rescurce,
Any new political framework for coastal resource allocation

that has the state as the focal point for management must devote
careful attention to problems of this sort.

A second major consideration pertinent to the management
of the ceastal zone in the public sector is the question of how
decisions are to be made regarding shoreline resource alloca-
tion between competing uses, If we coneclude that the allocative
mechanisms of the private market are inadequate, then the State
and Federal management authorities must have some alternative
means for determining what is an efficient allocation of the
shoreline. This must necessarily involve the determination
and articulation of the pubfic {nterest. In the private market,
goods have a mechanism (price-profit system) whereby the demands
of individuals can be felt; when the aggregate of individual
demands is high enough, private producers will attempt to satis-
Ey those demands. Thus, many individual preferences can be
satisfied, since each individual's "vote® (in dollars spent)
goes relatively far in determining the supply. Whenever enough
individuals want something at a price, there is an incentive
for someone to produce it at a profit. Public goods differ
in that private markets fail to respond to the entire range
of individual demands, giving rise to a need for collective
action. The question is, how can individual preferences for
these goods be summed to determine if the aggregate benefit
is sufficient to justify the total cost? This is a central
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question in the area of welfare econcmics, and the resolution
of the issues involved must play an important reoie at the Federal
and State levels in the formulation of management palicy cencerning

coastal land use.

A number of theories have becn set forth invelving this
crucial determination of the public interest. The point of
view of an aggregated social weffane guncfion holds that society
maintains a hierarchy of priorities based on collective values,
inviting a search for the articulation of these priorities.

A fundamental guestion to be dealt with in this regard is:

Are these social priorities effectively articulated through

the democratic political process as it now exists so that decision-
makers are adequately equipped to act in the public interest?
Another point of view is that of wiffingness o pa,, which holds
that the maximum amount of resources that consumers are willing

to pay for a good is a good measure of its value. This can

be expressed as a willingness to pay additicnal taxes, user

fees, and other charges, to give up the consumption of certain
goods, or to pay a higher price for other goods. The primary
objection to this scheme is based on the difficulty in measuring
the willingness to pay for public goods that are not "unitized"
and whose bhenefits to an individual are bhard to determine.
Cost-benefit analysis uses willingness to pay and appears to

have the potential for effective simulation of the working of

a properly functioning market in the allocation of some public
resources on a project-by-project basis. Such an analysis has
been demonstrated and recommended in a report80 to the Water
Resocurces Council by the Special Task Force on Evaluation Procedurcs
45 a way to improve the policies and procedures followed by
Federal agencies in the formulation and evaluation of projects

for the use and development of water and related land resources.
More recently, a reportSl on economic factors in the development
of a coastal zone has described a preliminary effort at the
development and application of such analysis to particular ceastal
zone development proposals:
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The basic premise of this report is that economics

in a sense wide enough to cover all significantly
important values, both market and nonmarket, can be
usefully applied to coastal zone allocation, that is,
to the problem of determining the mix of uses of a
particular coastal zone which is most consistent with
the values of the economy which uses that coastal zone.

Given the inefficiency of the private market with
respect to the coastal zone and the inefficiency of
local control, the only feasible alternative appears

to be control at the state level with some federal
influence to prevent secondary benefits from being used
against an entire state., We strongly support the
Stratton Commission's recommendations comcerning the
establishment of state coastal zone management
authorities.

However, the establishment of such bodies implies some
rather heavy responsibilities. Once the discipline of
tie phivate manket {4 abandoned, coastal zowe analysis
fequired conscdous economic analysis, for it is not
encugh to show that the prescnt suystem (s seriousfy
ronepdimal. One musl also argue that the proposed
changes 4{n the affoecation process willf nesult in
coastad zone usage which {8 mosne consistent with the
eeonomy's values than the old.

Insofar as coastal zone allocation can be regarded on
a project-by-project basis, the methodology for imple-
menting this conscious economics is cost-benefit analy-
sis, Unfortunately, the present state of the art with
respect to cost-benefit analysis and the coastal zone
leaves much to be desired and, until a state cocastal
zone authority can reliably determine the use of the
coastal zone most consistent with people's values, it
cannot promise to do much better than the private mar-
ket or local political entities.

Another problem with locational cost-benefit analysis
is that, if performed too narrowly, seriously ineffi-
cient suboptimization can occur. The problem is to
approach coastline allocation comprehensively while,
at the same time, retaining analytical feasibility.
Given the compromises that must necessarily occur, the
results of cost-benefit analysis must be used with
some judgment. ({Emphasis added)

While there seem to be no clear-cut indications that any
method of determining the public interest is superior to the
others, this is no excuse for inaction--attempts must be made

to determine the public interest. Perhaps the answer lies in
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some combination of the viewpoints of reprneseniative peflfical
consensus (based on overall social priorities) and cost-beaefiz
analys (s (bascd on willingness to pay} as effective measures of
the public interest. The important point is that some datermi-
nation must be made, both at the Federal and the State levels,
before we can claim that the new framework for coastal zone
allocation is beften than the old one of the private market and

local political decision-making.

Having warned of the dangers of interstate side effects
and the need to determine carefully the public interest, let us
now attempt to outline the roles of the State and Fedecral Govern-

ments in a sound ceastal land-use management system.
The State Roufe

The role of the states in coastal zone management is recom-
mended to be as follows:

1} To asgume paimary tespensibifity for the planning
and implementation of a comprehensive coastal land-usc manage-
ment plan to bring about effective utilization of shoreline re-
cources most consistent with the values and interests of national,

reglional, state, and local society,

2) To establish some form of coastal zone authority em-
powered ta develop a master plan for coastal land and water man-
agement and to implement this plan through the use of any legal
mecans, such as zonlng, permits, licenses, eminent deomain, ease-

ments, acquisition, issuance of bends, etc.

3} Te develop a master plan that has the following
characteristics:

- sets forth desired goals and cbjectives consis-
tent with the values of society at all levels
tlocal, state, regional, naticonal);

- oestabidshes guddetdnes for the deteamination of
the pubfic interest consistent with simifar
cifonts ar the Federad feved;
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- provides a mechanism by which decisicns can be
made regarding the efficient allocation of
coastal respurces among the competing uses and
needs of industry, recreation, commerce, trans-
portation, residential development, wildlife and
natural areca protection, ete., based o the cstab-
fished goafs and gudidelines foes the detetmination
of the pubiic (nterest:

=~ provides for coordination and cooperation in the
development of the plan with local, state, regional
and federal agencies and any other public or pri=
vate organizations with a vested interest in
coastal land-use management, and is consistent
with planning efforts at all the various govern-
mental levels:

- provides up-to-date inventories and evaluations
of the status of shoreline resources within the
State's jurisdiction, including the accessibility
and suitability of beach, marsh, and bluff areas

for warious uses.
The Fedenat Reofe

The role of the federal government in land-use management
in the cocastal zone is recommended to be as follows:
1} To provide the overall political framework within
which the planning efforts of the individual coastal
states and the various federal agencies can be cogh-
dinatcd in the development of an efficient land-use
program that is compatible with not only statewide,
but also regional and national interests and values.
This first function of the federal government in land-use manage-
ment in the coastal zone entails substantial responsibilities.
These responsibilities come directly from the need to coordinate
the planning activities at the state levels and to resolve seri-
ous conflicts that might lead to a grossly inefficient allocation
of resources due to the existence of statewide secondary (paroc-

chial) benefits. The key concept here is covhrdinaiion; since
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many of the problems of coastal land-use management are inherent-
ly neg<onal in nature, it is not enough to stop at the establish-
ment of state coastal authorities in the formulation of a poli-
tical framework. While such authorities seem to provide an
effective means te overcome the problems attendant upon focaf
decision-making in the presence of secondary benefits, they do
nothing to solve the problems of iuferstate conflicts of interest
that come about for the same basic reasons. Indeed, the issue

is the same but oceurs at a different governmental level! Yet
there are no political mechanisms to resclve such conflicts at
the regional level, where these problems might best be handled.
This underscores the necessity of the federal government's taking
an active role in ceoordinating the planning efforts of the states
and filling the void created by the absence of regional decision-
making units. This might be effectively realized through the
creation of a national land-use agency or commission, subdivided
into groups that are to take a regional orientation toward the
coordination of state land-use management programs. The charac-

teristic activities of such an agency would include the following:

a}l provision of the financial and informational
basis of support for the planning and implementation
of state and regional land-use plans, based on a
review and approval of such plans:

b} encouragement of the cooperation of neighboring
sStates in the development of a regionwide land-use
master plan, possibly through the formation of
regional land-use authorities;

) coordination of the activities of all the federal
agencies in relation to land-use management and
development of mechanisms to resolve interagency and
federal-~state conflicts.

Up to this point, the formation of a new political framework
has dealt primarily with the problem of more effective government
coordination of activities with regard to coastal zone manage-—

ment. We have given considerable attention toc the need for a
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more broadly-based governmental bhody to manage coastal land re-
sources and to avoid the gross inefficiencies that have come
about due to the uncoordinated activities of local political
decision-makers. But again we must remember that this is only
one side of the story; we have also decided that the private
market is unsatisfactory in the zllocation of scarce shoreline
resources. This presents us with the difficult circumstance of
having to make decisions based on tradeoffs between some very
quantifiable benefits and other inherently nonquantifiable
values. The fact that we have nejected the discipfine of the
private marked Lin LLs phesent foam does wnot mean that the edroum-
stances that Led te s faifure as an alfocative mechanism must
no Eongea be confrented. The same kinds of decisions remain
to be made! Indeed, this is an indication that we must redouble
our efferts concerning the identification and articulation of
the values and interests of society, since we no longer can
rely on the relatively automatic workings of the price system,
which has performed this function for us in the past, @e cannot
assume that the preoblems of inefficient coastal zone management
can be pelved by politicaf reorgani{zation afone. Poor decisions
have bsen made in the past by local governmental units and by
the economic system itself., Correcting the political praoblem
is only half the solution; we must now face the issue of figw
to make deecisdions in the pubfic sector that ane condistent with
the vafues ¢f socdety. This is, as we have seen, no easy task.
It requires concerted effort at both the state and federal level.
This points to the second major function of the federal government
in coastal zone management, to be carried cut within the coordinating
framework outlined above:
2} To establish uniform geoafs and ecbjectives that are

an effective articulation of the values of soclety

at all levels, and to set forth consistent gudide-

Lines for the state to follow in the formulation

of coastal land-use management programs that will

lead to the achievement of these objectives.
This implies that it is not sufficient to assume that the states

on an individual basis can provide mechanisms through which
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decisions can be made as to the most beneficial allocation of a
particular coastal resource. The states must have the capacity
to make decisicons based not only on intrastate values, but also
on regional and national interests. Yet the orientations of
different states towards what is really in the naticnal and re-
gional interest are likely to be widely divergent and heavily
weighted by the particular values of the people of each state.
The other implication is that the states need help in determining
how to measure and weigh the values of the people within their
own jurisdiction. This gets back to the ideas of representative
political consensus and cost-benefit analysis as effective arti-
culations of the public interest. The failure of any one state
to handle this crucial issue in a successful way would neces~
sarily have a deletericus effect on an entire region due to the
intraregional nature of land-use management problems. To assist
the states in activities of this sort, the proposed national
land-use agency should support in-depth investigations into a
number of substantive issues of national concern in the area of
coastal land-use management with the purpose of establishing
guidelines in the following areas:

aj how to make decisions in the public sector that

invelve tradecffs between guantifiable economic
benefits and nonguantifiable economic values;

b) how to deal with circumstances in which tradcoffs
between basic rights in a free democratic society
seem unavoidable, e.g., the right to own, control,
and develop personal property versus the right to
swim at an ocean beach or explore a rocky bluff;

<) how to eliminate as many conflicts in land use as
possible through the implementation of innovative
technolegy, e.g9., by encouraging the siting of elec-
tric power plants or other industrial complexes at
uffshoae locations rather than in ecologically
fragile estuarine zones {see Reference 58} ;

d} how to include both the quantifiable and nonquanti-
fiable values of regional and pational society in
the decision-making process at the state level;

a) how a regiovwide plan, once determined, might
effectively be implemented using the legal tools at
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the disposal of each individual state, e.g., efflu-
ent discharge feesz, etc.

This completes the outline of a new political framework for
the allocation of shoreline resocurces and the management of land
use in the coastal zone. Let me now turn to a comparison of
these concepts with those set forth in the coastal zone hills
cited previously.

It seems clear that, while the various coastal zone manage-
ment bills now under consideration have established the role of
the states in a substantive way, they have at the same time ig-
nored the most crucial recommendations set forth in every study
as to the role that the federal government must play in the
overall management system. Each bill calls for state coastal
authorities to develop plans that set forth objectives consis-
tent with regional and national interests--yet none provides for
the establishment of uniform quidelines for the states to follow
in the determination of these interests. Each bill calls for
the states to provide a mechanism for the resolution of con-
flicts, fostering the widest variety of beneficial uses to maxi-
mize social return--yet none suggests the mechanism by which the
needs and values of neighboring states can be effectively in-
cluded in the tradeoff analysis. In addition, none of the bills
makes provision for the establishment of national policy objec-
tives and guidelines for planning by which the plans of the
various coastal states can be coordinated. HNor is there any in-
dication of how the administrator at the federal level is to go
about determining whether or not each individual state's master
plan is consistent with the national interest. Only one bill
suggests a mechanism for the resoclution of federal-state con-
flicts, while none tackles the crucial issue of inefficient allo-
cation due to secondary effects between states. While all these
bills seem to effectively spell out the roles of the states in
coastal zone management and establish the financial and informa-
tional bases of support for such efforts, they are seriously
deficient in not providing for the strong federal involvement
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that is necessary for two important reasons: 1) to establish
substantive policy objectives and guidelines for effective coohdi-
nation, on a tegional hasis, of the separate activities of the
individual states; and 2} to take the lead in tackling the diffi-
cult issue of how fo make decisicns (at state, regional and
federal levels) based on tradeoffs between measurable and nonmeasu-—
rable benefits and costs to society at all levels. Unless this
involvement is provided for at the federal level, any political
reorganization that relies on the primary role of the states
attacks only half the problem. Thus, we would have to be prepared
to accept, at best, halfway solutions. There is doubt in my

mind that this would be any improvement over the situaticn as

it exists today, inefficient as it certainly is. There is real
danger here: we run the risk, for all ocur well-intentjoned
efforts, of creating more serious problems than those we are

striving to solve!

VIII, NEW ENGLAND SHORELINE RECREATION IN THE SHORT RUN

Clearly, there is a pressing need for the formulation of
long-range policy with regard to cur shoreline resources. Such
a policy might well entail some radicail departure from the cur-
rently-accepted allocative mechanisms of the private market and
local decision-making. All indications are that, without such
changes, there is ne way to provide adequate public recreational
opportunities at our coastal shores for the hordes of people who
will need and demand such opportunities in the future. But the
only way to avert disaster until such a policy is formulated is
to buy time with the traditional procedures of short-term plan-~
ning. $uch procedures have helped to get us intc this mess, and
it seems ironic that they should serve to help us correct the
problems. But we must be wary that the problems get worse at
an iancreasing rate; hence, the time that can be bought with each
incremental measure gets shorter. Any recreation planner will
attest to this--as new beaches open, they are soon used exten=-
sively and frequently to capacity, depending on the location.
Also, it is clear that we are almost without room for further
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expansion in terms of land acquisition. Therefore, one thing
maust be done in the short run: (s the face of spinafing prices
fon shrinking amounts cf available coastal Land, state and fed-
enaf authondities must take immediate advanfage of cuirrent oppoi-
funities fer Land acquisifion, using afl the fegal tools avail-
able to them e phreserve mone shorefand fon public recreatlonal
activity. In New England, there are still a few areas that
could be developed to expand the recreational opportunities
available to the people of the region. We shall first ocutline
the supply status of the shoreline recreational resources in
New England and then focus on two important locations where
planned development is necessary and desirable--Cape Cod and

the Boston Metropolitan region,

1. Shoreline Recreation Resources of New England

The distribution of shoreline resources in New England ex-
hibits much the same pattern as in the rest of the country. 1In
every state only a small portion of the total recreaticnal shore-
line is publicly owned. Table 3.5 gives a state-by-state break-
down of the distribution of New England recreational coastline
by type of shore, ownership, and development status. The New
England shoreline supply has been extensively documented by the
ORRRC in its Study Report No. 4, "Shoreline Recreation Resources
of the U.5."

Maine

The status of recreation shoreline in Maine was extensively
discussed in Section II of the chapter and will not be elaborated

upon here.
New Hamps hire

The ORRRC report of 1962 describes the New Hampshire shore-
line as a succession of sand beaches separated by ledges or head-
lands of rock. The beaches are narrow and relatively steep, the
sand supply is limited, and erosion is a major problem (due to
these limited supplies) at Hampteon and Rye beaches. Of all New
England shorelines, New Hampshire's is the smallest and most



162 Shoreline Recreation

Shoreline Type Me., N.H. Mass. R.T1, Conn.
Beach 23 7 240 39 72
Bluff 2,510 9 288 145 61
Marsh 69 9 121 _ 4 29

Total 2,612 25 645 188 162

Ownership
Public~-Recreation 34 3 12 ] 9
Public--Restricted - - & 10 -
Private 2,578 22 631 170 153
Development Low but Very High High High

Status rising high
rapidly

Source: U.S. Department of the Interior, Bureau of Outdoor
Recreation, "Shoreline Recreation Resources cof
the United States," ORRRC Study Report No. 4,
(1962), p. 12,

Table 3.5 New England Recreational Shoreline (miles)

highly developed. Commercial, resort, and private activities
c¢laim 22 of the 25 miles of recreational shoreline, with the
remaining three miles used as a public recreational area. The
shoreline is best suited for swimming and fishing, while the in-
tensity of development and the absence of bluff shore makes
hunting, camping, hiking, or scenic activities not feasible.

Now Hampshire has no pollution affecting coastal recreation.

In 1963, New Hampshire began a State Planning Project that
called for inventories of recreation facilities and a recreation
rlan. This plan places emphasis on development to provide faci-
lities to serve tourists, and stresses the acquisition of coastal
marshland. The 1970-197] budget calls for $50,000 of state
funding for development construction at the 50-acre Hampton Beach
State Park. In 1976-1977, $20,000 (one-half to be federal fund-

ing} is to be used for landscaping 30 acres of filled land now
barren and unused.
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Hampton Harbor will be further developed in 1972-1973.
After a survey project, $150,000 (one-half federal} will he spent
on development. There is erosion at the access to the harbor,
which is in need of stabilization for parking and boat-launching

facilities.

At Fort Dearborn in Rye, money has been allocated for the
acquisition of 200 acres of marshland adjacent to potential park
property to protect it from intrusion. In addition, $460,000
has been allocated for surveys and construction in 1974-1975.
Present public use of 136 acres here is nonexistent although
the state has owned the land for 14 years. The plan is to deter-
mine a specific use for the land and develop the site for future
recreation,

In New Castle at Fort Constitution, two acres, now unfit
for use, will be reconstructed. BAlsoc, an additional 125 boat
slips will be built at Rye Harbor in 1972-1%73.

Since the New Hampshire beach facilities are used to near
capacity, future emphasis should be placed on the development of
Portsmouth Harbor and the Piscatagua River Basin for marine and
docking facilities for pleasure c¢raft. Pollution control in

this area is a crucial adjunct to any development plan.
Connecticut

The ORRRC report describes the 162 miles of Connecticut
shoreline as extremely irregular, with many bays, coves, promon-
tories, beaches, and rock exposures along the Long Island Sound
shore. The nature of the coast is gquite varied, with 72 miles
of beach, 61 miles of bluff, and 29 miles of marsh, frequently
located behind barrier beaches. The entire shore is subject to
erosion of approximately one foot per year resulting from local
wave action and storm damage. Although the shore is extensively
modified by seawalls and other protective structures, some faci-
lities developed forty vears ago 50 to l0C feet back from high
water have either been destroyed or have little beach area left.

This problem is economically serious and is intensified by occa-
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sional {1 per 15 years) severe damage due to catastrophic hurri-

canes.

While the shore is highly developed for commercial and pri-
vate recreational usage, only nine miles are in public control
for recreation. It is not uncommon for public area usage to be
controlled by preferential resident admission, parking restric-
tions, and other regulations since many residents feel the need
to preserve the areas for the local populace in the face of

potential overcrowding from nearby New York residents.

The area is suitable for swimming, boating, sailing, and
other water sports, although pellution is a local preblem in
several areas., Due to the high level of shore developmant,

hunting, camping, hiking, and scenic activities are not feasible.
Rhode Tsland

Rhode Island has 188 miles of recreational shoreline with
only eight miles developed for public recreation, The ORRRC
report describes the shoreline cutside Narragansett Bay as a com-
bination of rocky, low-bluff-type with isolated headlands and
extensive sand beaches. Inside Narragansett Bay the shore is
almost everywhere a low bluff fronted by a very nharrow beach
strip of sand and gravel, Erosion problems are moderate and the
shoreline is relatively free of protective structures. Pollution
has closed many areas in the bay to swimming and the taking of
shellfish; raw sewage discharges have polluted the waters of
Mount Hope Bay in Bristol, Apponaug Cove in Warwick, and Jamestown;
and many other salt water areas are considered unsuitable for
swimming. Even in some areas with adequate treatment it is
unsafe to swim because of lapses in operations.

The Narragansett Bay shoreline is most highly developed for
private recreation use, while the open coastline is moderately
developed. Here, the unique combination of large ponds (behind
the sand beaches) and ocean beaches on the open coast has not
been exploited. 1In 1962, approximately 200 square miles of good
land were available in shore communities and 50 miles of beach were
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practically unused.

The Rhode Island shoreline is well suited for swimming,
salling, boating, fishing, and other water sports, with some op~
portunities for hiking and camping.

Massachusedts

The Massachusetts shoreline, except for the Cape Cod region,
is generally a rocky, low-bluff type of coast with numercus sand
and gravel beaches and tidal flats. The Cape Cod shore is mostly
marsh and beach, while the outer face of the cape is a continu-
ous sand beach backed by high dunes. There are numercus small
harbors and shelter areas along the entire coast, many of which
are centers for sailing and boating. The shore is best suited
for sailing, boating, fishing, and swimming (in certain areas).
Hunting and camping activities are limited. Just about all of
the most desirable shoreline has been developed for private use.
Of the 631 miles of recreaticnal shore, only 12 miles are pub~-
licly owned for recreation. Further restrictions to public use
are caused by severe pollution in Boston Harbor, where two
beaches have been closed to the public {Tenean in Dorchester and
Constitution Beach in East Boston); one is closed periodically
{(Wollaston), and many islands with great recreational potential
cannot be used at all due to the effects of sewage outfall and

polluted tributaries.

As might be expected, the greatest recreational demands are
home-based and centered in the Boston metropolitan region, with
70 percent of the participation occurring within an eight-hour
time span, Cape Cod and the islands have the greatest intensity
of use for recreation away from home, The land in the Boston
region, although developed for high-density use, is used to capa-
city each summer. There is a need for more high-density devel-
cpment in this region. The City of Boston owns many of the
islands in the harbor which could be put to good recreational
use if the pollution problem could be soclved. Thisg is also true

of the banks of the Charles River.
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A Caleulation

This overview poses serious guesticns of planning for the
shoreline recreational needs of future New England society. Ta
illustrate the severe nature of these problems we can make some
rough calculations to get an idea of how well the present sup-
ply can satisfy future demands. The 1965 National Survey of
Outdoor Recreation found that New Englanders lead the nation in
per capita participation in ocean swimming at 3.11 days per year.
Using this number ({(assuming all the swimming takes place in June,
July, August) we can show that, for a New England population of
11.5 million, approximately 400,000 persons use ocean beaches
each day during the summer. On the supply side, there are 66
miles of publicly-owned recreational shoreline, which we will
assume to be primarily useful beach coastline (this is neces-
sarily conservative since some of this land, e.g., in Maine, is
hluff shoreline and cannot support the same density of users
as a beach). If we assume an average beach width of 50 feet
and apply the criterien of a minimum of 50 square feet per per-
son (this is also conservative since a number of c¢ity and county
planning commissions have standards that call for 75 to 150
square feet of beach per person), then one mile of beach can
support approximately 5,500 pecple per day. Hence, simple extra-
polation indicates that the total capacity of New England's total
public beach system is approximately 363,000 users per day. Thus,
the carrying capacity (363,000) of New England's public shoreline
seems to be in the general vicinity of present demands (400,000}
placed on it for ocean swimming activities.

While the overall conclusion seems inescapabkle, many of the
assumptions upon which this rough estimate is based may be criti-
cized. Beach acreage varies from place to place with the motion
of the tides: there may be substantial turnover at a beach
since most pecple do not stay a full day; some beaches are much
more densely populated than others: and certainly not everyone
swims at public beaches. But, on the other hand, the numbers
used were extremely conservative, and a number of additional
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factors were left out. For example, all the other activities

that are contributing elements of demand for recrecational faci-
lities at the ocean, such as picnicking, camping, hiking, boating,
fishing, sailing, and sightseeing were completely ignored in

the analysis. So, while uneguivocal statements are not warranted,
we can generally conclude that on the basis of a [irst-order
calculation, we have at Lest enough public recreational shoreline
in New England to fulfill the demands of our ptresent population.

Yet, even this is not always true. Near large cities where
demand is the greatest there are critical shortages of shoreline
recreational facilities. BEeaches that are over a hundred miles
away do nothing to satisfy these critical metropolitan demands,
although these faraway beaches were averaged into the above cal-
culation. Also, we must be careful here to distinguish between
the demands and the needs of the population for shoreline rec-
reation, since experience has always shown that new facilities
are gquickly used to capacity, indicating an excess of "potential”
demand., While we have no way to measure these "potential” de-

mands, all indicators seem to be that they are quite large!

In the end, what all this says is that, if everyone were
highly mobile and we were clever encugh to distribute the sup-
ply of shoreline rescurces efficiently (with ideal transportation
networks), there would probably be encugh beach for everyone
today in New England society, given the same patterns of demand.
Sadly enough, neither of these conditions actually exists.
People show definite preferences for nearby, high-guality beaches,
while others who are poorer often have no cheoice; hence, suitable
areas are filled to capacity, even though one must endure heavy
traffic to reach them. It is clear that we do not have an adeguate
supply due to a number of limiting factors such as inadequate
transportation facilities, pollution, and an overall shortage
of beaches.

A1l this is to say nothing of the future. We have shown
that the demands are growing at a breakneck pace, and that the
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supply, limited to begin with, is shrinking steadily. How can

we expect to satisfy the demands of the future when we are having
trouble supplying that which is needed today? And all this with
practically no shoreline left to do anything with? We must

begin to look for a way out of this apparent dilemma, and the
first logical step would seem to be to search out all the re-
maining sites that might be used for public recreation, and take
immediate steps to preserve them for that purpose. In the re-
maindex of this section we examine two such sites in heavy-demand

areas--Cape Cod and the Boston metropelitan area.

2. Cape Cod

Cape Cod is the favorite vacation spot for Massachusetts
and for much of the Northeast. Every summer weekend sees thou-
sands upon thousands of visitors flowing to and from the Cape,
even though traffic can frequently become almost urbearable.
The economy of the Cape is based heavily on the recreational
business and faces economic problems that are typical of resort
areas. Projections of summer visitors to the Cape for the vear
1980 are shown in Table 2.6 and indicate a continuing increase
in the demand for recreational facilities. There is a critical
need to provide for these increased recreational demands, much
of which come from the heavily-populated Boston and Rhode Island
metropolitan areas, while maintaining the character of the area
and the stability of its economic life. The greatest threat is
of overdevelopment and of unplanned sprawl. Additional facili-
ties must be planned and information services provided to help
distribute visitor flows more evenly and efficiently.

The Cape Cod National Seashore is the largest single tourist
attraction on the Cape. Opened in 1963, it consists of 27,000
acres aleng the northeastern shoreline. Ten percent is to remain
in private ownership, while 30 percent is now federally owned and
the remainder should be acquired quickly (as recommended by the
directer eof the Bureau of Outdoor Recreation) in light of rapid
land-price escalation. Visitors to the seashore are estimated
to be 20,000 per day by 1980, when it will be one of the largest
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Type of Visitor
Summer residents

Visitors using meotels
{average day)

Visitors using hotels

Visitors using campsites

visitors not using over-
night facilities
{average day)

Visitors not using over-

night facilities
{peak day)

Source: Blair and Stein, Cape Cod 1980 (1963).

1560

126,000

10,400
4,300
g,200

37,000

70,300

1980

237,000

24,300
4,300
19,800

64,000

106,400

169

Table 3.6 Projections of Summer Visitors to Cape Cod--1980

single employers in the area, providing 5¢ all-year-round jobs
with a 5400,000 annual payroll.

dollars of construction is planned.

From now until 1980,

10 million

On Cape Cod the principal attractions are beaches, as shown

in Figure 3.1. The Outdoor Recreaticn Resources Study for the

Massachusetts Department of Natural Resources found beach use on

a peak summer day in 1962 to be one-half of the total peak summer

day population. Assuming that this proportion will continue,
a doubling of beach capacity will be necessary by 1%B0.
major need is for beaches to serve day trippers who are already
overcrowding town beaches. These beaches should be large with
adequate parking and easy access.
expand to meet the needs of the lower Cape and the state beach
at Scusset should accommodate visitors to the upper Cape.
1962, Scusset beach attracted only 25 percent of capacity due
partly to cocld water, but also because of poor publicity.
panded use of this site could take much of the pressures from

some of the more familiar town beaches.

The Naticnal Seashore will
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Cape Cod Bay

a
Scusset :
b State Beach

Buzzard
Bay

A A

F)
Ashumet
Pond

Falmoy (L
South Cape
8each Nantucket Sound
Vineyard
Sound

Figure 3,1 Cape Cod, Massachusetts
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On Buzzards Bay and Nantucket Sound east of Hyannis, no
large public beaches exist although the water temperatures are
much warmer than on the northern side of the Cape. Much more
swimming and related beach activity could be done on the south
side where some beach areas have been taken over for boating
access facilities. On the southern shore, South Cape Beach
in Mashpee, shown on Figure 3.2, has been cited in several studies
as an excellent area for state development. Reports by Blair

82 and Edwards and Kclcey83 {prepared for the Department

assoclates
of Natural Resources) recommend that the state develop a warm

water beach at this location. The DNR studied the area again

in 1968%% and concluded that South Cape Beach is the last major
opportunity to provide a warm water beach on Cape Cod. This

area 1s the last piece of Massachusetts coastal land relatively
undisturbed by man. Across Dead Neck, Washburn Island would provide

a fine companion area which could be developed.

The expected growth of Falmouth and Mashpee will create
additional needs even without the increased pressure of day visi-
tors. South Cape Beach is within easy driving distance of the
major Massachusetts population centers and can satisfy at least
one-fourth of the state's needs for swimming and 12 percent of

the beach acreage needs.

South Cape Beach, shown in Figures 3.2 through 3.6, is
essentially a peninsula surrounded by Nantucket Sound and Waguoit
Bay. The beach is flat, occasionally broken by low dunes with
sparse vegetation of dune grasses, hayberry, and wild roses. The
area behind Sage Lot Pond is gently sloping and heavily wooded.
With the exception of access roads and parking, the area is to-
tally undeveloped. South Cape Beach has great recreation poten-
tial. The beach, Waquoit Bay, and dune areas could provide a
unigue variety of recreation in an undisturbed setting. The
beach proper is composed of 190 acres of beach and low dunes,
10,000 feet aleng Vineyard Sound and 5,000 feet along Waquoit
Bay. One-half mile of the beach southeast of Sage Lot Pond is

ideally suited for development as a major beach facility with
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parking, sanitation, and clothing change facilities. Fifty
acres of beach could be devoted to intensive use there. The re-
mainder of the beach might be left natural to be used under lim-

ited supervision.

Ashumst Fond
Rt 15L

Lsiweg, Suge Lot
§ Pond

'~

Soy)
he
%y g
8qch

Figure 3.2 South Cape Beach and Viecinity

The area bordering the bay provides 3,000 feet of protected
beach. Waquoit Bay is high in shellfish production and gocd for
other fishing., Migratory waterfowl abound in the spring and
tall. The major recreation activities in this area are fishing,
hunting, nature walks, and hoating. The area north of the pond
provides opportunities for picnic facilities and riding. Camping
offers ancther possible use.

The Department of Natural Resources study team decided that
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a buffer area between the state facility and adjacent private land
would be needed. Based on the determination that the South Cape

Beach area would provide a greater variety of outdoor recreation

L]

.\uwﬁa&

oy

L
i ol B L :
WIS A W

Figures 3.3, 3.4, 3.5, 3.6 South Cape Beach

opportunities than just swimming, 402 acres would have to be
acquired, Great Oak Road would be improved and access from

Route 151 would pass by Ashumet Pond {(where 100 campsites could

be developed], down Washburn Island, cross Dead Neck,

move along the shore of the beach and then inland through Mashpee
to Route 28, Finally, inland ponds can also provide space for the
needed expansion of water-related facilities on the Cape. Blair
and Stein Associates found that there were thirty-five Great Ponds

that were almost completely undeveloped.

3. Metropolitan Boston

Within the coming years the demands for shoreline recreation
in the metropolitan Boston area will far outstrip the supply of
suitable facilities. The drawing power of beaches in this area,
especially in the harbor, is substantial. Almost one out of
every five trips tc the metropolitan beaches is made by someone

living more than forty minutes away.as This great popularity has
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led to gross overcrowding at every beach.

In 1%65 all of the Boston swimming areas combined could
only accommodate 11,100 bathers. The number of persons
on an average weekend in the summer desirégg access to
swimming areas will reach 49,000 in 1970.
It appears that the Harbor islands are the last remaining open
areas with access to water that are available for development,
The capacity of Crane's beach to the north could be doubled by
the addition of another parking lot, but this addition is only
a small increment in view of the great needs. Although the
islands are valuable for other uses, they are the only land left
suitable for a variety of recreational activities.
The Harbor lends itself beautifully to recreational
and open space development--beaches, boating, fishing,
clamming, hiking, cycling, and camping....each island
[has] a personality of its own. Given the rapidly
growing demand for recreation and open space and the
existence of alternative sights for housing, airports,
and industrial development, plans which treat the Harbor
with respect should fare well under careful econcmic
evaluation of the alternatives.
Recognizing this unique suitability, it is crucial that the now
underutilized islands be cpened for public recreation and devel-

oped as a unit by one agency.

The harbor is central te an area containing 2.5 million
People., Arthur D. Little, Inc., projections for the region
show a population of 3.3 million by 1980 and 4.4 million by 2000.
By 1980, 30,000 bathers per summer weekend day are expected, and
90,000 by the year 2000. Assuming an allocation aof 75 square
feat of heach Per person, this demand could be handled by an
additional two miles of beach in 1980 and six miles more by 2000,
The Boston Harbor Commission study found the 1990 metropolitan
demand would be for facilities to accommodate 300,000 people
for swimming, 15,000 for boating, 10,000 for camping, and 40,008
for hiking, fishing, and picnicking.

Figure 3.7 shows the Boston Harbor islands and their acre-
age. A pumber of plans have been proposed for their development.
Boston Mayor Kevin White has a plan for the development of the
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islands and related shoreline. Its purposes are to transfer pri-
vately owned islands to public ownership under the control of one
agency, the Boston Harbor Development and Censervation Corpora-
tion within the Department of Natural Resources. This corpora-
tion would have the power to acquire and plan a program for reec-
reation and conservation, to develop areas, and to provide ferry
service or bridges for easy access. The outer iglands would

be preserved for conservation and light recreation, while the
inner islands (Long, Thompson, Spectacle, and Deer) would be de-
veloped for intensive recreation. The second bill would provide
for a Boston Inner Harbor and Industrial Development Corporation
charged with the development of waterfront areas, and industrial
development of specified portions of the city. The corporation
combines the land acquisition powers and the tax-exempt privi=-
leges of a public body with the financial capabilities of a pri-
vate corporation. This body would be able to issue up to §75

million in bonds.

This legislative package is in basic agreement with a bill
proposed by Senator Moakley of the Massachusetts Senate which
would have the Department of Natural Resources acquire and devel-
op the islands for recreation and conservation. Such a bill88
has recently been passed by the Massachusetts legislature provi-
ding for the acquisition of sixteen islands in Boston Harbor by
the Department of Natural Resources. The bill authorizes an
appropriation of 3.5 million dollars to be expended to acquire
these islands for the purposes of conservation and recreation,
This is an all-important first step in the preservation of these
lands for future use., The islands to be acquired are: Thompson,
Spectacle, Peddocks, Gallops, Bumpkin, Greater Brewster, Middle
Brewster, Outer Brewster, Calf, Little Calf, Green, Raccoon,
Hangman, Grape, Slate, and Sheep. Also, Senator Kennedy has
introduced national legislation for the establishment of a Boston
Harbor National Recreation Area. Currently the bill is in the
U.5. Senate Committee on Interior and Insular Affairs and imple-—
metttation must be seen as far in the future. Table 3.7 lists

the harbor islands by present ownership and potential use.
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Assesscd Fotential
Island Acreage ownerx value Use
Long 213.2 PBoston, USA §8,175,800 Intens. Recreation
Deer 210.6 Boston, USA, 4,052,200 Intens. Recreation,
julbe Sewage Treatment
Spectacle 96.9 Boston {3/4) 426,000 Intens., Recreation
FPrivate (1/4)
Moon 44.6 Boston 291,500 Recreation
rRainsford 11.4 Boston 49,800 Recreation,
Censervation
Thompson 157.0 Private 1,069.900 Intens. Recreation
Private School
Lovell 61.7 MDC, USA 76,600 Recreation,
Conservation
Georges 2.0 MDC 66,400 Recreation
reddocks 113,.0 Private 103,140 Private Homes,
Recreation,
Conservation
Bumpkin 27.0 Private 10,560 Recreation,
Conservation
Greater Brewster 23.1 Private 8,250 Conservation
tuter Browster 17.% Private 5,880 Conservation
Calf 17.2 Private 5,140 Conservation
Middle Brewster 12.0 Private 5,080 Conservation
Hog 8.5 USA 44,460 Recreation,
Conservation
Green 1.8 Private 800 Conservation
Little Brewster 1.5 USA - Conservation
Littla Calf 0.8 Private 140 Conservation
Langlee 4.0 Hingham 1,000 Recreation,
Conservation
Sailor 3.9 Hingham 1,000 Recreation,
Conservation
Ragged 2.0 Hingham 1,000 Recreation,
Conservation
Button 0.75 Hingham 1,000 Recreation,
Conservation
Raccoon 3.0 Private 1,000 Recreation,
Conservation
Hangman 0.25 No Record - Conservation
Grape 50.0 Private 2,500 Recreation,
Conservation
Slate 12.5 Private - Recreation,
Conservation
Sheep 2.0 Private 500 Conservation
Snake 2.0 Winthrop 3,700 Recreation,
Conservation
The Graves 10.0 USA - Conservation
TOTAL 1,152.3 $14,403,350
Source: U.S. Department of the Interior, Federal Water Quality

Control Administration, "Report on Pollution of the

Navigable Waters of Boston Harbor"

Table 3.7

The Boston Harbor Islands

(1968} .
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The Metropclitan District Commission is planning for further
development of Lovell and Georges Islands, which it owns. Fort
Warren on Georges Island is open in the summer and 67,000 people
a year visit this area. Peddocks Island, the second largest

in the harbor with 130 acres, could be used for camping, buating,
and general recreation. Currently there are 40 summer cottages,
and owners will be allowed to remain provided private uses are
not inconsistent with the development of the island for public
purposes. Transportation from Beston via ferry service will

be essential, The islands could be linked by ferry service
leaving downtown Boston every half hour with stops at Deer Island,
Long, Lovell, and Peddocks Islands, and Nantasket Beach on the
southern shore.

The Sierra Club is planning a program for the public use
of Lovell Island for the summer of 1970 in cooperation with
the group, Action for Boston Community Development. Lovell,
Georges, and Gallops Islands should be developed further as
a group and linked by pedestrian bridges. The islands are within
a gquarter of a mile of each other and the water between them
is less than 30 feet deep. These three have a historical interest
centering around Fort Warren where Confederate soldiers were
imprisoned during the Civil War. Although Georges Island is
open to the public and is very popular, the facilities and the
fort are in poor condition. The Boston Harbor Islands Commission
has recommended the development of a hotel, beach, and protected

boat anchorage in its plan for redevelopment.

Other islands include Thompson, which is privately owned and
used for a boys' academy: Spectacle (which used to be the city
dump) ; Deer {housing a sewage treatment plant and a prison};
and the Brewsters, which are wild and totally undeveloped., A
focal point for immediate development should be Long Island,
which 15 owned by the city and is accessible by a causeway. Here
200 acres could provide a variety of recreation without dis-
turbing the hospital located there.

Requlation of the development of the harbor shoreline 1is
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also important. Waterfront districts are needed as part of compre-
hensive zoning laws. Guidelines for usage and access considera-
tions should be under the control of an agency which could under-
take review of construction plans with regiocnal needs in mind.
Mayor wWhite's Boston Inner Harbor and Industrial Development Cor-
poration could serve this purpose, while the current Atlantic
Avenue redevelopment combines residential, commercial, and rec-
reaticnal uses along the waterfront,

Driving for pleasure is the nation's favorite way to spend
leisure time. A scenic road system around the harbor could be
developed, for even today people can enjoy the view while stalled
in traffic on the Southeast Expressway and Morrissey Boulevard.
Visual as well as physical access must be maintained. Selective
acquisition and protection of scenic¢ areas is important., In view
of the present unsightly development of the shore, regulaticon of
the remaining open areas must be initiated. In most metropolitan
regions, large areas of the limited shoreline are used for indus-
trial, transportation, and residential development with the resul-
tant pollution, ncise, and unsightly buildings. Here, where the
demand for water-related recreation is greatest, recreation faces
the most competition for available land. In spite of extensive
development, a surprising proportion of the coastline is open
land. It is run-down, littered, polluted, and often barren, but
it does remain open. Programs must be implemented to assure pub-

lic use and access.

All but one of the 28 boat-launching areas in metropolitan
Boston are in Weymcuth. These are barely sufficient for local
demands now and are woefully inadequate for regional needs. No
public landings exist in the inner harbor. The Boston waterfront
should be freed for development. This area could provide bhoat
access, parking, and/or various maritime restaurants and stores
to draw tourists. Part of the need can be met by yacht clubs and
Private marinas, but there is a critical need for more access and
anchor areas. Development of the harbor islands could provide

more.
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Before continuing, it must be noted that an important factor
in the effectiveness of any harbor development plan is the
gquality of the water in the harbor. Development of beaches and
other water-related recreation facilities will be a wasted effort
if the water is unhealthy teo swim in or even be exposed to, as it
currently is in the areas near most harbor islands, A necessary
companion tc any recreational plan for Boston Harbor must be an
effort to reduce the high level ¢f pollution in the harbor. This
topic is treated at length in Chapter 5.

An immediate focal point for development in Boston Harbor
should be Long Island, shown in Figures 3.8 through 3.11. Al-
ready owned by the City of Boston, the 200 acres of open, rolling
land are now used only for a hospital for the chronically ill,
The Boston Capital Improvement Program for 1963 to 1275 stated
that the physical plant was in unsatisfactory condition. As
extended care facilities are consclidated on a regionwide basis,
Long Island Hespital will be vacated. Since Long Island is
already accessible to metropolitan Beoston by a causeway, develop—
ment should not wait., Parts of the island could be opened for

public use without hindering the operations of the hospital.

Proposed development of the Dorchester Bay shore of the
island facing the Boston skyline would include areas of inten-
sive and moderate use, Potential swimming beaches could he
incorporated with a boardwalk complex if the water guality were
improved. Fort Hill at the tip of the island would provide
a vantage point for restaurants and a viewing tower. Docks
for a ferry to downtown Boston and for pleasure boats could
be included. The ferry would provide easy access and should
be purt of a larger marine transportation service for the harbor
recreation arca. The Quincy Bay shore of Long Island with its
meadows and wooded slopes could be developed for 200 family
campsites. Presently, the nearest campground is 20 miles from
Boston in Andover at Harcld Parker State Park, already used
to capacity in the summer. Thus, Leng Island can offer a unique

diversity of activities in a natural setting. While an immediate
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opening is needed, the development must be seen as part of a
comprehensive long-range development of the harbor, Transfer
of the islands to one agency would facilitate development and

Figures 3.8, 3.9, 3,10, 3.11 Long Island

operation. Cooperative arrangements with private crganizations
could possibly ease some of the burdens of financing.

4. Conclusions

We see that there is much that can be done in the immediate
future to satisfy the increasing demands of the next ten vears.
But we must realize that these can only be step-gap measures,
that in the long-run the problem is much more deeply rcoted
in our basic allocative system. Increased public and governmental
awareness of the uniqueness of the New England shoreline for
fecreational use is crucial. At the very least, the status
quo must be maintained, while any new developments that would
prevent future use of suitable ghoreline by the public must
be carefully weighed against the public interest.
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ABSTRACT

The past decade has marked the emergence of polluticn prob-
lems as serious matters for public concern., We have come to
realize that our air and water resources by no means have an un-~
limited capacity to absorb wastes without posing threats to the
health and well-being of American citizens. It is now clear that
our air and water masses, rather than being free goods (avail-
able in unlimited gquantities of the desired quality), are scarce
indeed and must have their value clearly articulated. Yet the
private market has never been adjusted accordingly: hence, pol-
lution has continued to worsen since appropriate costs have
never been imposed on those who utilize (and degrade) the air
and water.

One important component of the overall air pollution problem
is the emission of sulfur oxides, perhaps the most harmful of all
pollutants. The presence of sulfur oxides in the air has been
found to have adverse effects on visibility, inanimate gbjects,
plants and animals, and human health. The potential sericusness
of the threats to human health aleone is sufficient to merit an
intensive campaign to reduce the levels of these noxious emissions.

We have examined the technology of sulfur oxide abatement,
the supply and demand for sulfurized fuels, and the desirakility
of alternative schemes for collective action te contreol sulfur
oxide emissions. Within this overall context, we have concluded
that the moat effective policy would be a staged strategy over
time, utilizing a fuel-tax at the federal level as a short-term
solution and emission fees at the state and local levels in the
long-run. We feel that, if properly formulated, such a policy
can realize the efficiency-seeking advantages of each scheme
while aveiding the shortcomings that preclude sole reliance on
either alternative.
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CHAPTER 4
CONTROLLING SULFUR OXIDE EMISSIONS

I. INTRGDUCTION

Since the earliest times, men have found the air and water
bodies of their physical environment to be natural receptaclesg
for the dispcsal of waste. The capacity of these resocurces to
absorb and disperse the by-products of civilization in a harmless
way was indeed great, so great in fact that it was seldom (if
ever] thought to be anything other than infinite. There has his-
torically been little or no recognition as to the effects of
changes in the natural environment on the health and well-being
of mankind. Those pollution problems that did oceccur were viewed
as incidental abnormalities in need of some form of corrective
action. Not until the twentieth century did man begin to realize
the serious and widespread consequences of his activities, yet
the mounting crisis of the envircnment remained obscure in the
turbulence of an era of global warfare and economic depression.
ARfter the Great Depression and World War I, emphasis was placed
on the rebuilding of a healthy American society, on growth and
progress toward a high standard of living, It has been this
growth that has brought to the forefrent today, for the first
time in history, the real proportions of the environmental crisis.

In recent years, the problems of air and water pollution
have been a focal point of naticnal concern, receiving much
attention in all the media, It is well known that the sheer
number of people and our level of national wealth combine to
generate vast amounts of waste products each yvear. Our environ-
mental predicament can be traced ultimately to this combination
of scaring popufatien and large gains in productivity, which to-
gether have increased the nation's output enormously in the post-
war period. With productivity growing at about 3 percent per
year and the labor force increasing at a yvearly rate of 1 percent,
it is necessary that the economy should grow at 4 percent per
year in order to keep the available capital and labor employed.
The nation's output grew by $100 billion from 1949-1957 and by
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$300 billion from 1957-1970, By compounding this 4 percent
growth rate it will be 50 percent larger than it is now by 1980,
an increase of about $50¢ billicon in just ten years. Our peollu-
tion problems are a direct result of this increase in output.
Although we have been pleased with the corresponding increase

in our standard of living, we have failed to recocgnize that

the damages to soclety from an activity like pollution are not
reflected in the indices by which we measure our level of national
well-being. As a result, we have been cheating ourselves--at

the expense of the environment--to obtain higher geoals of national
output and (what seemed Lo be) a better standard of living!

Some scientists have suggested that, if our population had
stopped growing about 1850, there would be little or no perturba-
tion of the regenerating capabilities of environmental systems,
Man and nature could have lived in relative harmony. But such
has not been the case: our numbers are doubling every fifty years
or so while growing in wealth and productive capability. As
a result, scciety now lives with freguently intolerable environ-
mental conditions--air that is not fit to breathe, water that is
not fit to swim in cor even sit near, and landscapes that are not
fit to look at and enjoy. We have indeed become the "effluent"
soclety! Recognition of this has prompted the Council ¢n Environ-
mental Quality to term 1870 "the year of the environment:'

...1970 marks the beginning of a new emphasis on the

environment--a turning point, a year when the guality of

life has become more than a phrase: envircnment and pollu-

tion have become everyday words; and ecology has become

almost a religion to some of the young. Environmental
problems, standing for many years on the threshold of
national prominence, are now at the center of nationwide
concern. Action to improve the environment has been

launched by government at all levels. B&nd private groups,
industry, and individuals have joined the attack.

The analyses presented in this chapter and in Chapter 5
represent our willingness to join the fight against the threats
to environmental quality. We have found the preblems of air and
water pollution to be critical areas in need of strong public
action. Reecognizing that two of the major contributors to these
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forms of pollution are 1} industrial and commercial enterprises,
and 2) municipal activities, we have chosen in this study to
focus on two particular environmental problems that can be attri-
butable to these socurces: 1) air pollution caused by sulfur com-
pounds emitted into the air by large industries and other users
of fossil fuels, and 2} water pollution in Boston Harbor caused
by the dumping of inadeguately treated sewage by the municipali-
ties. Our cbjective is to present some ceoncrete proposals for
action to alleviate these problems. The remaining sections of
this chapter deal with the problems of air pollution, with par-
ticular emphasis on sulfur oxide emissions, while the discussion
of water pellution in Boston Harbor is found in the following

chapter.

II. BACKGROUND ANALYSIS

1. Economic Aspects

We have seen in the discussions in Chapter 1 that certain
goods and services have characteristics which render the classical
functioning of the private market system unworkable or undesirable.
This provides a justification for public concern at least and,
in many cases, for some form of collective action in the public
sector. A good that can be so characterized has been termed,
in a generalized way, a “"public good."

The past decade has marked the emergence of polluticn prob-
lems as serious matters for public concern. We have come to
realize that our air and water resources by no means have an un-
limited capacity to absorb wastes without posing threats to the
health and well-being of American citizens. We have found that
the private market has not made the proper adjustments to provide
for the most efficient and beneficial allocation of these scarce
resources. It is now clear that our air and water masses, rather
than being f4e¢ goods {available in unlimited quantities of the
desired quality), are scarce indeed and must therefore have their
value clearly articulated,
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Air and water pollution cccurs largely because appropriate
costs have never been impesed on those who utilize these re-
sources. The desire at every private level to minimize costs has
combined with the traditional notion of air and water as free
commodities in bringing about a serious misuse of these natural
assets. VYed substanfial costs have acenucd te others {(n society
whe are net {nvelved An Lthe producition and consumption activities
that make free use of air and waten. In this respect, pollution
is often considered a classic example of the breakdown of the
private market due to its inability to handle the s{de effects
{externalities, external diseconomies, spillovers) associated with
the production or consumption of goods and services. As we have
shown in Chapters 1 and 3, an important condition fer markets to
function properly {(i.e., bring about an efficient allocation of
resources) is that fthe total socdial benedlls ovf consuming a par-
ticulan good must exceed the total social cosd of Lost cppontundily,
which must be neflfected in the price of the goed. The existence
af uncompensated side effects constitutes a viofation of this
principle. These effects come about when the production (consump-
tion) of certain goods affects other decision-making units which
are not doing the producing {consuming}. The costs of side ef-
fects are not included in the price of the good since there is
generally no mechanism by which these external costs of society
can be returned to the producer as the cost of a factor input to

production.

Private industries, municipal governments, and individual
perscns all contribute to pollution and create the extermalities
associated with it. Take, for example, the case of a large steel
manufacturer who is in need of a new furnace and is faced with a
choice between two different models. One alternative provides
for a more complete combusticn of the fuel used in the steel-
making process (thereby substantially reducing the amount of un-
burned particulate matter discharged into the atmosphere), but is
moderately more expensive than the other. Since the market price
of pollution is zero, no pollution costs enter inte his private
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cost-benefit calculations. Hence he will purchase the cheaper
furnace. However, this action may not be without cost to those
residing in nearby cemmunities. GSmoke contributes to the rapid
deterioration of house exteriors and leads to larger cleaning
bills; particulate matter irritates the eyes and throats of the
residents; gaseous wastes such asg 50, and benzyprene may cause
cancer and other disorders in the lungs; and the entire discharge
may ccntribute toc "smog" when meteorolegical conditions are right,
intensifying the adverse effects mentioned above and possibly
damaging the trees and plant life in the area. Hence, fhe air i4
nol free to 4cciety since residents of the communities involved
must expend resources (or suffer dishenefits) as a result of its
use by another party--the steel mill. Yet there is no market
mechanism to transfer these costs to the steel manufacturers at
the mill!

Consider also the example of a large lake whose waters are
bordered by a number of cities and towns. These municipal govern-
ments might all contribute to the pelluting of the lake because of
insufficient sewage treatment facilities and antiquated sewer
systems (which combine sanitary with storm drainage that dumps
raw sewage into the lake under the overflow conditions of a heavy
storm). For a single municipality, the installation of new
sewers and advanced treatment plants might not substantially af-
fect the overall pollution level of the lake, yet that town would
incur substantial costs, Consequently, there is no incentive for
individual towns to take any steps tc control their contributions
to the lake's pollution. On the other hand, those who normally
swim in the lake or depend on it for their livelihood through
fishing now bear the diseconomies. A firm that uses the water
for industrial purposes may now have to install a treatment plant
of its own (at great cost) to obtain the water quality needed
for its purposes. Again, many people pay the price for water
pollution, but no abatement action is taken since the decision-
making entities that benefit from polluting activities do not
also bear the full costs which result.

A final example is the case of the individual auto owner.
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Faced with the option of buying an anti-smog device (at extra
cost) for his car, this man considers two situations. If every-
one buys the device, the air will be much cleaner; if nec one buys,
the situation will not improve, In ¢{the¢n case, such a person
would perceive that his little contribution, taken alene, has no
significant effect on the overall problem. Why then sheould he
incur the added expense of the device? There is no motivation
under any circumstances for the consumer to purchase such a de-
vice, and no motivation for a producer to supply it. Yet there
are serious external costs involved with the overall air pollution
problem to which the sum of all auto owners contribute between

50 and 60 percent. Again, no mechanism exists to transfer the
costs to the proper sector, in this case, those who benefit from
the use of their autos in a polluted area.

The c¢rucial point that must be reemphasized is that fre-
quently the total opportunity costs to society are not reflected
in the price of certain goods. Aftheugh the frue sccd{al costs of
hauing an (ndividual consume/produce a particulan commodity may
exceed his private bewef(ts, he will base decisions only on
the refative weights of his prdivate benef{ts and private cosis.

A gogd illustration is the case of an individual auto owner

who is trying to decide whether to drive from his suburban home
to his downtown office. He weighs the cost of driving and the
personal inconvenience of traveling on congested, noisy, polluted
highways against the door-to-door convenience of this means

of transportation. However, his driving to town adds an incremental
amount to the congestion, noise, and pollutien, all of which

has a cost in terms of added inconvenience to the accumulation

of uther motorists and to residents along the route. Yet this
cost is not weighed in his individual decision process. If

other costs were weighed, the number of motorists would decline
until the marginal benefits of driving into town would just

equal the marginal costs (to society). In actuality, there

are probably too many motorists and tco little clean air and
guiet surroundings. So we see that the private market, left
alone, tends to produce too many phivate goods and too few public
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goods. This happens because the public ygoods are undervafued
within the private market and are unable to compete on an equal
footing with other goods in the allocation of scarce resources.

For this reason, government might find it desirable to step

in and initiate some form of collective action in order to maintain
social balance and achieve an efficient resource allocation

consistent with the overall goals and values of society!

The preceding considerations have established a useful
framework from which the problems ¢f pollution can be attacked,
since the causes of these problems are rooted in our economic
system, However, the fact that the causes of pollution can be
identified through economic analysis does not necessarily imply
that solutions are to be found in economic policy alone. The
question of environmental quality has very strong technological
and political aspects that must be carefully considered before
effective policies can be formulated. With this in mind, we can
now move on te a more specific discussion of one aspect of air
pollution, the sulfur oxide emission problem. Our aim is to look
at the interacting factors that are relevant to the deter-
mination of an appropriate public policy in this regard,

IIT. SULFUR QXIDE EMISSIONS AND THEIR EFFECTS

1. General

The emission of sulfur oxides into the atmosphere is pre-
dominantly a direct result of human activities—-their only
natural source is believed to be volcanic gases. Sulfur dicoxide
15 by far the most common, while other forms of sulfur {such as
sulfur trioxide, sulfuric acid, and sulfate galts) all exist in
the air to a much lesser degree. Data presented by the Depart-
ment of Health, Education, and Welfare in a 1969 Report entitled
"Air Quality Criteria for Sulfur Oxide"2 revealed the levels and
sources of these pollutants:

In 1966, an estimated 28.6 million tons of sulfur dioxide
were emitted to the atmosphere, as compared with 23.4
million tons in 1963, The principal share, i.e., 58.2
percent, came from the combustion of coal, most of which
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was used to generate electric power. The combustion of
residual fuel oil and other petroleum products accounted
for 19.6 percent of the total, while the remainder came
from the refining of petroleum (5.5 percent), the smelt-
ing of sulfur-containing ores {12.2 percent), the manu-
facturing of sulfuric acid (1.9 percent), the burning of
refuse (0.4 percent) and the burning or smoldering of
coal refuse banks (0.4 percent).

Paper-making and some other industrial operations also
contributed minor amounts te the total. In all of these
processes, small amounts of sulfur trioxide or sulfuric
acid are emitted also,

These results indicate that about 8¢ pencent of the total
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yearly sulfur dioxide emissions come about through the combustion

of coal and oil, which contain inorganic sulfides and sulfur-con-

taining organic compounds. In addition, the combustion process
creates one part of sulfur trioxide to approximately 30 parts
sulfur dioxide. 1In the presence of meisture sulfur trioxide is
converted to sulfuric acid which, along with other sulfates,
constitutes anywhere from 5 percent to 20 percent of the total

suspended particulates in urban air.

Concern over the effects of sulfur oxide pollution has fo-
cused on two areas: the global effects of sulfate particles,
which constitute the largest single artificial source of parti-
cles; and the more localized adverse effects on the health and
well-being of urban residents, The importance of the global
effects have recently been examined and reported by a recent
conference on the Study of Critical Environmental Problems
(scep) :4

Particles in the troposphere can produce changes in

the earth's reflectivity, cloud reflectivity, and cloud
formation. The magnitude of these effects is unknown,
and in general it is not possible to determine whether
such changes would result in a warming or cooling of

the earth's surface. The area of greatest uncertainty
in connection with the effects of particles on the heat
balance of the atmosphere is over current lack of knowl-
edge of their optical properties in scattering or ab-
sorbing radiation from the sun or the earth.

While data on the global importance of sulfur dioxide emis-
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sion is essentially inconclusive, the deleterious effects of
these emissions on the health and well-being of urban residents
are relatively well-established. These effects constitute the
primary cause for concern over the increasing levels of sulfur

oxides in our nation's air.

2, Adverse Effects of Sulfur Oxides

The presence of sulfur oxides in the air has been found to
have adverse effects on visibility, inanimate objects, plants and
animals, and human health, either through its own action or in
combination with other pellutants. These effects have been docu-
mented by the previously cited HEW report, "Air Quality Criteria
for Sulfur Oxides.”

Viadb{Zity

Particles suspended in air can reduce visibility by the ab-
sorption and scattering of light from an object and its back-
ground.5 The scattering of light in and out of the line of sight
illuminates the air between an gbject and the viewer, and the
diminution of visibility is greatest when the particle radius
is in the order of 0.1 micron ta 1 micreon. Sulfuric acid and
other sulfates constitute from 5 to 20 percent of the total sus-
pended particulate matter in urban air, and about 80 percent
{depending on the humidity} of these by weight are smaller in
radius than one micron. Hence, suspended sulfates make a sig-
nificant contribution to the diminution of wvisibility in urban
areas. At a concentration of 0.10 ppm of sulfur dioxide with a
comparable concentration eof particulate matter and relative humi-

dity of 50 percent, visikility may be reduced to about five
, f
miles.

Tiasimate Obfecds

1t is well known that polluted air containing sulfur oxides
and particulates has adverse effects on a wide range of inanimate
objects, although it is often difficult to separate out the rela-
tive corntributions of each element. These effects include: in-

creased corrosion rates of iron, steel, and zinc; damage to all
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kinds of electrical equipment; damage to building materials such
as roofing, limastone, marble, concrete and cement; detericration
of textiles such as cotton, rayon, and nylon; and discoloration

or fading of dyed goods. These and other effects are brought

on mainly due to the production of highly-reactive sulfuric

acid, while the extent of the damage is related to the relative
humidity, the temperature, and the presence of other pollutants.

A mean 50, concentration of .12 ppm, together with a high particu-
late concentration, may increase the corrosion rate of steel

by 50 percent.7
Féants and Andimals

Absorption of sulfur dioxide has been cobserved to produce
both acute and chronic leaf injury to plants, and it is suspected
that plant growth and vitality might be suppressed even without
any visible damage. Sulfuric acid dreplets in polluted fogs may
alsc damage leaves. The sensitivity of vegetation to damage
from these effects is generally related to temperature, relative
humidity, scil conditions, nutrient supply and other environmen-
tal factors. Chronic plant injury and excessive leaf drop may
occur with an annual mean 50, concentration of .03 ppm.

Sulfur dioxide and sulfuric acid have been observed to irri-
tate the respiratory system of various animals such as degs ang@
cats, causing a detectable increase in airway resistance at cer-
tain concentrations. To produce pathological lung change or
mortality, however, relatively high concentrations {compared to

current pollution levels) are required.
Human Heatfth

The effects of air pollutants on human health have been
studied using two approaches: in the {aboratory, where attempts
are made to establish direct causal links between pollutants and
human health effects; and through epidem{cfcgy, which locks for a
statistical basis for asscciating a particular cause with some
effect,

Man regponds to sulfur dioxide mainly through bronehocon-
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strnicticn, or an increase in airway resistance caused by respira-
tory irritation.
Laboratory observations of respiratory irritations
suggest that most individuals will show a response to
sulfur dioxide at concentrations of 5 ppm (-14 mg/m3}
and above. At concentrations of 1 ppm to 2 ppm an cf-
fect can be detected only in certain sensitive indi-
viduals, and, on occasion, exposures to 5 ppm to 10 ppm
have been shown to cause severe bronchospasm in such
persons....The exposure of the more sensitive indivi-

duals te 1 ppm, although it dces not produce severe
bronchospasm, does elicit a detectable response.?

10 . . . .
to cause sensory irritation in

Hydrogen sulfide has been found
individuals exposed to.l ppm for one hour, while its disagreeable
odor may affect the appetite of sensitive persons at about 5 ppm.
Loss of smell has keen reported for exposure te 100 ppm lasting
from 2 to 15 minutes, Sulfuric acid mist with a concentration

of about .03 ppm has produced a respiratory response in humansll
when the average particle size is one micron (which is common) .
Larger droplets produce sensory irritation (without other physio-
logical effects} at this concentration, but a mist level of about
2 ppm for a few minutes produces coughing and irritation in nor-
mal individuals, and might cause acute illness in sensitive

groups over an exposure period of one hour or so.

While laboratory studies have been valuable in generating
infermation about the relationships between 80, and health, their
usefulness in reaching conclusions about ambient air quality eri-
teria is limited by the fact that the experimental environment
does not cften simulate actual urban conditions. However,
studies have shown that combinations of sulfur oxides and other
pellutants, such as particulates, may produce effects that are
greater than the sum of their individual effects.

... (Laboratory}) Expesures have been to high and constant

concentrations, rather than to the low and fluctuating

levelslcommonly found in the atmosphere. Other normally
occurring stresses, such as fluctuating temperature, have
not, in general, been applied. These studies do, however,
provide valuable information on some of the bioenviron-

mental relationships that may be involved in the effects
of the sulfur oxides on health. The data they provide on
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synergistic effects show very clearly that information
derived from single substance exposure should be agglied
to ambient air gsituations only with great cauticon.

A number of epidemionlogic studies have investigated the rela-
tionship of air pollution to both acute and chronic health ef-
fects, especially those occurring in some of the particularly
severe air pollution episodes (Meuse Valley, Belgium, 1930;
Donora, Pennsylvania, 1948; London, 1952 and 1962; New York, 1933
and 1966). In the London and New York episodes, sulfur oxides

and particulate matter have been correlated significantlyl3 with

the observed effects of increased mortality and morbidity. Other

studiesl4 {Rotterdam, The Ketherlands:; Eston, Great Britain;

Buffalo, New York; Genoca, Italy; Berlin, New Hampshire; Nashville,
Tennessee; Port Kambla, Australia; Chicago, Illinois) have demon-—
strated that smaller, steady concentrations of 502 along with
other pollutants in urban air are also correlated with increased
mortality and morbidity.

Analyses of numercus epidemioclogic studies clearly
indicate an association between air pollution, as mea-
sured by sulfur dioxide accompanied by particulate mat-
ter, and health effects of varying severity. This assoc-
ciation is most firm for the shert-term air pollution
episodes.

The epidemioclogic studies concerned with mortality also
show increased morbidity. Again, increases in morbidity
as measured, for example, by increases in hospital admis-
sions or emergency clinic visits, are mest easily detected
in major urban areas.

It is believed that, for large urban communities which

are routinely exposed to relatively high levels of pol-
lution, sound statistical analysis can detect with con-
fidence the small changes in daily mortality which are

associated with pollution concentrations.

The assocciation between long-term community exposures

to air pollution and respiratory disease incidence and
prevalence rates is conservatively believed to be inter-
mediate in its reliability. Because of the reinforecing
nature of the studies conducted te date, the conclusions
to be drawn fgom the type of study can be characterized
as probable.

Table 4.1 lists the conclusions of the Department of Health,



200

5., Concentration

Possible Effects

2 (ppm)

Increased Mortality

Increased Daily
Death Rate

Increased Mortality

Increased Absenteeism

Increased Hospital

Admission (older per-
sons with respiratory
disease)

Sharp Rise in Illness
Rates {patients over 54
with severe bronchitis)

Accentuation of Chroniec
Diseagse Symptoms

Increased Frequency of
Respiratory Symptoms
and Lung Disease

Increased Frequency and
Severity of Respiratory
Diseases

Increase of Mortality--
Bronchitis and Lung
Cancer

Saource;

.52 (24-hr average)

.25 {24-hr mean)

.19 {24-hr mean)

.11-.1% (24-hr
mean)
.25 (24-hr mean)

.21 (24-hr mean)

L037-.092
mean)

{annual

L4868 {annual mean}

(schocl children)

.040 {annnal mean}

Alr Quality Criteria for Sulfur Oxides

Zmission Control

Other Factors
Present

suspended parti-
cles at soiling
index of & cohs
or greater

smoke in concen-
tration of .26 ppm
oY greater

low particulate
lavels

low particulate
levals

particulate matter

.11 ppm smoke
concentration

.068 ppm smcke
concentration

L036 ppm smoke
concentration

059 pom smoke
concentration

{Ref., 2,

Pp. 10:20-21)--in descending ordér of reliability

Table 4.1

in Polluted Air

Health Effects of 502 Concentrations
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Education, and Welfare regarding the effects on human health of
502
the department concluded:

emission combined with other air pollutants, From this data,

...it is reascnable and prudent to conclude that sulfur
oxides of 300 ug/m” (.1 ppm] or moie in the atmasphere
cver a pericd of 24 hours may prcduce adverse health
effects in particular segmonts of the population...1®
In addition, adverse health effects were noted for an annual mean

concentration as low as 115 Lg/m3 {.04 ppm) of 50,.

3. Conclusions

The potential seriousness of the threats to human health and
well-being posed by sulfur oxide emissions in particular and by
pollution in general is sufficient to merit an intensive campaign
te reduce the levels of these noxious emissions. ©Other considera-
tions lend support to this contention. For example, a polluted
environment may have a depressing effect on urban residents,
caused by the perpetual presence of hazy visual conditions or
offensive odors. In addition, little is known about the effects
of pollutants on the complex interaction of delicate ecosystems
such as the biochemical cycles of oxygen, sulfur, carbon, and
nitrogen., Yet, it is possible to conceive of ecological cycles
“in which the specific toxicity of a pollutant for a single
species could cause an entire food chain to collapse, but the
extent te which this might happen is unknown. Too little is
known of the effects of pollutants on too few species to suggest

w17 3411 of these con-

even how such problems might be attacked.
siderations, taken together, represent a strong rationale for a
concentrated effort to be launched, on bhoth a local and national
scale, to reduce the existing levels of 30, emission. There
seems to be clear evidence that these emissions constitute a
primary causal factor (when combined with other elements) in the

adversa effects of air pollution on American society.

Before we can decide which tools of public policy can best
be used in attacking the S0, problem, it isg important to examine
the teehnology of sulfur oxide control. This aspect is closely
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related to econcmic considerations and, together with the econo-~
mics, will determine the applicability and effectiveness of

alternative schemes.

IV, CONTROL OF SULFUR COXIDE EMISSTONS

We have seen that each year nearly 80 percent of the sulfur
oxides emitted into the air result from the combustion of coal and
oil. In 1966, 42 percent of the total U.S. emissions of 502 came
from power plants, approximately 23 percent from large industrial
processes, and much of the remaining 35 percent from space-heating

sources, while the trend has been toward large point sourcesl8

(except for heating). It is estimatedlg that, in 1971, "over

60 percent of the 44 milllon tons of sulfur dioxide discharged
into the atmosphere in the U.S. will come from coal- and ocil-fired
plants. By the year 2000, when total emission will have increased
to nearly 120 million tons, over 80 percent will result from power
generation.” This points to the pressing need to find ways to
bring the harmful emissicns of these sources to within acceptable
levels, and all indications are that we must look toward advanced
technologies to provide an answer to the problem. The purpcose of
this section is to explore the two major areas of control techno-
legy that have been developed to data: 1) the removal of sulfur
from stack gases, and 2) the desulfurization of fossil fuel

{coal, oil). We shall also examine other control techniques,

such as regulation of the use of high~sulfur fuel, the discharge
of fuel gases at high velocity and temperature from stacks, and
the possibility of improvement in combustion efficiency.

1. 592 Removal from Stack Gases

While there are presently no stack gas removal processes
currently in widespread use, a number of methods are being studied
carefully. The major factor prohibiting large-scale installation
of these processes is their extremely high costs.

Limestane lnfection

This process, which appears to be the closest to practical



Emission Control 203

use, consists of the injection of limestone, dolomite, or some
other reactive metal oxide into the fuel-burning furnace. These
substances react with sulfur oxides to produce metallic sulfates
that can be removed by dust-collecting equipment. When a dry
collection system is used, less than 50 percent of the sulfur is
removed, while a wet scrubbing system will result in nearly 90
percent removal. The costs for these processes for an 800 mega-—
watt, coal-fired plant at 90 percent load factor are estimated20
tce be 3.3 million dollars (.29 mills/Kwh} for the dry process and
4,65 million dollars (.35 mills/Kwh) for the wet process. Wet
washing has several disadvantages other than being costly. It
could require large guantities of water which would be discharged
containing effluents; and a wet, nonbuoyant {celd) plume could be
trapped for long periods by severe inversions.

Abkafized Alumina FProcess

This process, which has been developed by the U.S. Bureau of
Mines, consists of the absorption of sulfur oxides by a metal
oxide, followed by regeneration (with a reducing gas) which pro-
duces marketable sulfur. The process is estimated to yield re-
moval efficiencies of 90 percent or more, with the capital cost

21

estimated to be about B.& million dollars for an 800 megawatt

plant., The development of this process has incurred setbacks
recently22 due to difficulties with the stability of the solid

reacting agent.
Catafytic Oxidation Process

This process converts sulfur oxides in the stack gas to weak
(75 to B0 percent) sulfuric acid, and is well developed based on
the technology of sulfuric acid manufacturing. However, for an
800 megawatt power plant the system is estimated23 to cost from
16 to 24 million dollars, while the ecconomics would further de-

pend on the sulfuric acid market in any given region.

We should note at this point that, while none of the abkove
processes are commercially proven and their costs are highly
speculative, there has been sufficient progress to indicate that
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reliable technologies should be available in the not-too-distant
future. The additiocnal power costs to U.5. consumers would then
be ©on the order of .5 to 1 mill/Kwhr. 14 shoulfd be wnofed fhat
This would only svfve part of the 302 problem, since The technce-
Loagies ane feasible onfy forn farnge-scale {nstallafions such as
Fowen plants and de nething Lo efiminate the contributions from
medium- and smaff-scale sources (such as domesfic heating, which
448 a substantial contadibutorn fo emissdfon {in urban areas). How-
ever, as the trend continues toward large point sources, the
availability of an cffective technology to remove sulfur oxide
from stack gases seems to represent a very effective solution to
this aspect of the problem. Hence, it is important to insure
that the development of this technology continues at a rapid
pace. But we must be careful not to rely solely on future tech-
nelogical developments, since the seriousness of the 802 problem
is increasing at an accelerated rate.

Several of these processes will doubtless turn out to

be technical successes, but the econcomics are not yet

well established for even the most advanced. Contrary to

a widely held belief, the technology does not in fact

now ex@st to cffectively control 50, emissions, and_it

is coming along too late to prevent a very substantial

increagﬁ in 80, pollution during the next ten to fifteen
years,

2. Desulfurization of Fossil Fuels

The removal or reduction of sulfur in fossil fuels before
combustion offers another possibility for the effective control
of sulfur oxide emissions. In 1966, the relative contributions

of <cal and oil combusticon to the total 302 emissions are shown
in Table 4.2.

Cuak

The combustion of ccal for the generation of electric power
and other purposes is the largest single contributor to the 502
pollution problem in the United Statesg., Unfortunately, the remo-
val of sulfur from coal is often a very complex and prohibitively
expensive affair. The sulfur is present in two main forms:
organically, in chemical combination with the coal; and mixed in
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Source S0, Emissions, Tons percent of Total
Utility Coal 11,925,000 41.6
Utility 0il 1,218,000 4.3
Other Coal 4,700,000 16.6
Other 0il 4,386,000 15.3

77.8

Source: U.§8. D.H.E.W., Public Health Service, Control
Techniques for Sulfur Oxide Air Pollutants,
January 1969 -

Table 4.2 502 Emissions from Fuel Combustion in 1946

as pyrite, a mineral impurity. Techniques exist for removing
some of the pyrite sulfur in coal using a crushing and washing
process by which the iron pyrite is separated from the coal through
flotation. However, the sulfur in chemical combination is very
difficult to remove without breaking up the cocal. Some compli-
cated schemes such as hydrogenation and ligquefaction are under
intensive research, but at present these technigues are extremely
expensive. 5o the extent to which desulfurization of coal can be
an effective means of reduction of 50, enissicns depends strongly
on the relative amounts of the two different forms of sulfur
present in the coal. This presents another problem--the two
forms exist in greatly wvarying proportions such that it is very
difficult to tell which coals may be readily cleaned and which
may not. The best estimate is that approximately 25-30 percent
of the sulfur content can be removed on the average., It has been
sugqested25 that only about 15 to 20 percent of the high-sulfur
utility coal is washable to 1.0 percent sulfur, at an additiocnal

cost of from 25 to 75 cents per ton.
OLE
In the process of refining crude oil through distillation,

the crude is separated into the various petroleum products ranging
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from No., 1 distillate (the lightest) to No, 6 residual oil (the
heaviest) as shown in Table 4.3, The sulfur tends to concentrate
more in the heavier parts than in the lighter, where desulfuriza-
tion is well established and actually part of the normal refining
process. Because of its lower cost, the residual fuel oil (grades
5 and 6) is generally used by large consumers, while greater than

. ; 2
80 percent of this oil contains at least 2 percent sulfur. 6

Maximum Sulfur

Grade Usa Content (%)
No. 1 distillate Pot-type burners 0.05
oil
No., 2 distillate General purpose 1.0

domestic heating

No. 4 Burners without No limit
preheating facilities

No. 5 residual Burners with pre- No limit
oil heating facilities {generally 1-3)
No. & {Bunker C) Burners with pre- No limit
residual heaters permitting {generally 1-3)

high viscosity fuel

Source: A. C. Stern, Air Pollution, Vol. III, p. 21
The Academic Press (1968)

Table 4.3 Sulfur Content of Fuel 0il Grades

The reduction of sulfur content in these fuels is more difficult
but is under intensive development and has met with reasonable
success, Desulfurization units in Venezuela are either presently
operated or being planned by Shell 0il, Standard 0il of New
Jersey, and Humble Oil. These units are quite costly, and it is
estimatedzj that the eventual reduction of the sulfur content in
residual oil from 2.6 percent to .5 percent will result in a 20

to 35 percent increase in fuel costs.

In general, the technology for the desulfurization of oil is
much better developed than that for coal, and provides an encour-
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aging prospect for the effective abatement of SO, emissions from

oil~burning sources, particularly as developmentzcontinues and

the processes become more economical. However, it appears at

this point that the effective abatement of 50, emissions from
coal-burning sources must look to control techniques cother than
desulfurization, since processes of this sort are not by any means

ready for widespread application.

3. Use of Low-Sulfur Fuels

A recent legislative trend at the state and local levels has
been to require the use of low-sulfur fuels in all combustion
processes. While this brings about an immediate reduction in
502
obstacles to the use of such controls. Low-sulfur fuels are pro-

emissions, questions of availability and cost may pose severe

duced naturally in mining and refining operations, or can be
generated by the desulfurization techniques discussed previously.
In this section we restrict our discussion to the supply aspects
of low-sulfur fuel that is generated wifhcuif desulfurization.

Coal

The primary remaining ceal reserves of the United States
consist of bituminous coal (high rank), subbituminous coal (low
rank), and lignite (low rank). Problems in the burning of low-
rank fuels have led to their limited use in the past, although
recent technological advances28 have generated increased interest
in these fuels. Table 4.4 shows the distributions of coal re-
serves, approximately half of which are considered recoverable,
in the United States in 1965. It is casy to see from this table
that, while the United States has an abundant overall resource
of ¢oal, the size and distribution of low-sulfur, high-rank sup-
lies make long-term reliance on this type of fuel impractical for
most parts of the country, For example, the large east coast
market draws on coal reserves east of the Mississippi River
of which only about 16 percent is of suitable rank and low in
sulfur. West of the Mississippi River there is a greater reserve
of law-sulfur coal, but nearly 85 percent of this is of low

rank. Hence, only about 13 percent of the total western reserves
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East of West of
Reserves Mississippi R. Mississippi R.

(106 short tons)* (106 short tong)*

High rank, low (<l%

sulfur
-bituminous 90,000 140,000
Low rank, low (<l%
sulfur
-subbituminous negligible 387,200
-lignite negligible 406,000
High {*1%) sulfur
-mostly bituminous 431,400 125,400
Total Reserves 521,400 1,058,600

*Figures are rounded and refer to cecal in seams at least
14 inches thick and less than 3000 feet deep in explored

areas.

Source: U.S. D.H.E.W., Control Technigues for Sulfur
Oxide Air Pollutants (see Reference 20}

Table 4.4 Estimated U.S5. Coal Reserwves, 1965

are of sufficiently high rank and low in sulfur. On a national
basis, then, only about 15 percent of the total ccal reserves

would be suitable from a pollution abatement standpoint.

The relative scarcity of low-sulfur coal is compounded by
the fact that nearly one~fourth of it is expoerted each year,
while much of the rest is sold at a premium to the metallurgical
coke industry.29 Unless these patterns change, there can be no
significant long-term reliance on the natural sources of low-
sulfur coal. This is particularly true for the eastern portion
of the country since, even if techniques were perfected for
burning low-rank fuels, the supply of low-sulfur coal is limited
in comparisan with high-sulfur reserves. For the shoat run,
however, the rescrves of high-rank, low-sulfur cocal are gquite
substantial, on an absolute scale, in both portions of the coun-
try. If patterns of consumption were to be altered, these re-
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sources would seem to be more than adequate to meet the early re-
gquirements of pollution abatement programs for low-sulfur coal.
oL

As previously noted, the refining of crude cil produces a
number of grades of fuel oil {See Table 4.3) as well as other
petroleum products such as gasoline, Fuel oils are generally
classified into two categories--distillates and residuals. The
distillates {grades 1l and 2) are primarily used for heating homes
and small apartment buildings, domestic hot water, and industrial
processes where simple burning equipment is used. The average
sulfur content of this fuel is between .04 and .35 percent by
weight,30 thereby contributing an inconsegquential proportion to
total 802 cmissions, These grades of fuel oil, however, are not
practical financially for use by the larger consumers who gene-

rate the bulk of 502 emissions.

Resgsidual fuel cils (grades 4, 5, §) are used primarily for
heating industrial and commercial buildings and apartment houses
{4 and 5) and the firing of the large boilers used by utility
companies (6). Table 4.5 shows the total consumption of residual
oil in the United States in 1966 as well as its distribution by
source and sulfur content. Table 4.6 shows the relative usage of
residual coil for heating, power generation, and industrial

operations.

It is clear from Table 4.5 that the principal source of
residual fuel o0il, most of which is very high in sulfur content,
is from foreign refineries, particularly in South America.

Nearly 90 percent of all the residunal oil consumed in the U.5. in
1866 had a sulfur content greater than 1 percent by weight, while
about 75 percent had a sulfur content greater than 2 percent. As
a result, combustion of residual oils for power generation,
heating, and industrial purposes has played a2 major role in the

50, pollution problem.

Since residual oil is part of the output of the refining

process, the production of low-sulfur residual implies modifica-
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Total Amount >1% sSulfur »>2% Sulfur

(107 bb1) (10° bbl) (10% pb1)

Imported Residual 376,800 376,800 368,940
Residual from Domes-

tic Crude (high

sulfur - >1%) 136,630 136,630 65,740
Residual from Dones-

tic Crude {low

sulfur - <1%} 40,740 - -
Residual from

Foreign Crude 59,830 38,800 26,300%*

Total Residuzl 0il
Consumed 614,000 552,330 461,580

*Estimated from additional data presented in Reference 15.

Source: U.S. D.H.E.W., Control Techniqgues for Sulfur
Oxide Air Pollutants (see Reference 20)

Table 4.5 Total U.S. Residual Fuel 0il Consumption by
Source and Sulfur Content (billion barrels (bbl))

Use Amount Percent of Total
(10> bbl)

Heating {(apartments

and commercial} 167,470 27
Industry {including

0il company usel 176,230 29

Power generation 140,600 22
Other (military,

railroad, marine) 129,700 22
Total 614,000 100

Source: Same as Table 4.5

Table 4.6 Consumption of Residual 0il by Type of User
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tions or additions to that process. Hence, switching from high-
sulfur fuel oil to low-sulfur fuel oil constitutes trying to buy
desulfurized residual from the refining companies, This then is
strictly a guestion of economics since the technology is fairly
wall developed.

4. Other Methods of Control

Other methods that would help control 502 emissions are the
use of nuclear or hydroelectric power, combustion of natural gas,
the development of new energy-related technologies, and the use

of tall stacks for better atmospheric dispersion.
Nucfear Peowen

The widespread use of nuclear power, while having an ex-
tremely beneficial effect in reducing the air peollution problem,
has many difficulties of its own, including thermal pellution and
disposal of high-level radicactive wastes. The fact that nuclear
power plants do not significantly pollute the air is by nc means

a sufficient condition for primary dependence on nuclear power,
Hydroefectrde Peowen

By the year 2000, there probably wouldn't be encugh river
water in the entire country to satisfy the coofing requirements
of all power plants, let alone drive their generators!

Combustion of Naturaf Gas

While new reserves of natural gas are being found, "the
domestic supply of this fuel at current prices will probably be-
Come limited before the turn of the century because of increased
producticon costs."31 Widespread combustion of natural gas by
large consumers such as power companies is not practical since
the supply cannot be guaranteed on an uninterruptible basis.
Hence, the primary users of natural gas are the smaller residen-
tial and commercial users to whom the supply can generally be

gquaranteed,
Tall Stacka

The discharge of flue gases at high velocity and temperature
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from tall stacks has been suggested as a means to reduce 802
ground-level concentrations. This appears to have limited appli-
cability, as there are objections on several grounds:

1} usefulness is limited by local meteorological and

topographic conditiops--there is some evidence of early
morning fumigations

2) the stacks would be very costly--over 2 million dol-
lars for a $00 ft stack--and could only be used by large
sources of g0, emissions

3) tall stacks would create a potential hazard to avia-
tion, especially near airports

4) the proliferation of tall stacks in a very industria-
lized urban area would be a substantial eyecsore.

New Combustion Technologies

The most significant area in which new technology offers
the promise for any substantial alleviation of the sulfur oxide
problem is in the combustion of coal. By using fluidized-bed
combustion in the presence of lime (a desulfurizing agent),
beiler efficiency could be improved while at the same time eli-
minating sulfur from the stack gases.33 While these developments,
if actively pursued, offer potential solutions for the future,
there seems little likelihood that they can be of real benefit

in the short run.
5. Conclusions

Ultimately, the effective control of sulfur oxide emissions
from cecal- and cil-burning scurces depends on technology. Whether
through the removal of sulfur from stack gases, desulfurization
of the fuel itself, or new combustion techniques, the ultimate
solution to this phase of the air pollution problem is rooted in
technical development. This assumes that we are to continue to
rely on fossil-fuel combustion as the primary means of electric
power generation. Reliance on nuclear power must be regarded as
a long-term solution since only a small percentage of the total
power generated each year comes from this source, Even then, it
is not altogether clear that this would solve more problems than
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it would create (see Chapter 2),

We have seen that there has been a great deal of research
and development in a broad spectrum of technological areas rela-
ting to the 502 pollution proklem. To find a suitable alterna-
tive in the shortest time requires that an incentive exist for
research in promising areas to pugh ahead with the development
or refinement of appropriate technologies. The private market
does a good job at finding efficient solutions, given that com-
petitors in a free marketplace have the flexibility of decentra=-
lized decision-making. This has important implications regarding
the formulation of public policy to regulate the level of sulfur
oxide emission. The most desinable policy <& one thai preserves
the freedom of aff intenested panties to considen a wide range of
technelfogdical alfernatives, This provides the needed incentive
for the seientific and engineering establishment to proceed with
the investigation of technologies that may be economically attrac-
tive., This is a most important conclusion. While the requisite
techniques are not yet ready for widespread use, many seem to be
right on the threshold. It would be a mistake of severe propor-
tions to discourage the final stages of development in some of
these areas through unenlightened public policy. We must be
careful to consider this point in the establishment of guide-
lines for the effective control of sulfur oxides, both in the New
England region and throughout the nation as a whole,

V. ALTERNATIVE SCHEMES FOR COLLECTIVE ACTION

The analysis in Section II described the problems of pollu-
tion as basically economic in nature, The most general solution
to these problems can also be described in economic terms, i.e.,
if one desires to maximize society's well-being in reaf terms,
the social costs of pollution should be transferred to producers
as a factor input to production. While this may by itself seem
simple enough, the determination of the proper mechanism by which
this can be accomplished is an extremely complex issue that must
be examined within the relevant political, technical, and econo-
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mic context.

In doing so, we should keep in mind two general principles
that are fundamental to the concept of seeking efficfeacy in our

pollution abatement activities. These are:

1} There is great advantage in deceniraliz.ing decisions

regarding the choice of abatement techniques

2) It is important that ffexi{bilfity be maintained in
the formulation of public policy

Decentralization

The great advantage of decentralized decision-making is that
individual producers maintain the freedom to expend their least-
valued set of resources in complying with a pollution abatement
program. This provides an incentive to explore a wide range of
potentially attractive technical alternatives that will control
their emissicns, Hence, in choosing a policy that seeks effici-
ency, care must be taken to avoid discriminating against some
technologies that may ultimately prove useful and wvaluable in the
long=-run.

Flexibility

Since the state of the art of pollution control is still
evolving, any abatement scheme should have a flexibility that will
aliow it to be revised as (1) new technical capabilities and (2}
more complete informational resources become available., These
considerations, especially the latter one, have too freguently
heen overlooked in our initial responses to pollution problems
at local levels., The seriousness of the sulfur oxide problem,
for example, will vary a great deal from one city to the next as
well as with changing meteorological conditions within each city.
While certain abatement measures are justified as emergency steps
to counteract dangerously worsening situations, such measures
are generally lacking in the type of flexibility that is needed
to attain efficiency in the long-run. Yet toc often a legisla-
tive precedent is set that is observed to have desirable short-

term effects but which may actually be quite undesirable in its
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long-term hehavior. Hence, we must be careful in formulating
pollution policies to aveid the foreclosure of future options and
the loss of valuable flexibility through the establishment of

a hard-to-change legislative "momentum,"

In addition to the concepts of decentralization and flexi-
bility, a new set of variables must now be considered, i.e.,
the politicaf factors that affect the implementation of pollution
abatement schemes within the institutional environment. In
this section, we review the major alternative mechanisms that
have been suggested to bring about effective air pollution control,
taking particular care to examine how the applicability of each
alternative is a function of the contextual factors in relation

to sulfur oxide emissions. The basic alternatives are:

1} Direct regulation
2) Economic incentives

1. Direct Regulation

The most common legislative approach to the problem of pol-
lution has traditionally been to regulate it directly through the
legal institutional framework. Direct regulation involves the
use of laws, licenses, permits, registrations, and directives--
based on some compulscry standard--to discourage pollution beyond
a certain level. The appropriate governmental unit would attempt
to determine the "right" or "acceptable" level of pollution emis-
sions and then enforce these standards through some systems of
inspection, legal action, fines, or other means. Recently the
trend has been toward the regulation of fuels and/or equipment.

This approach has been described by Lawrence W. Pollack:34

The establishment of emission standards is considered
by many to represent the ideal legislative approach, as
it theoretically leaves to the owner's discretion the
precise type of equipment or fuel to be used....

Many legislative and administrative bodies, however,

have long recognized that the bare setting of emission
standards were not sufficient, and that fuels and equip-
ment should be directly regulated....New York City recog-
nized and followed this approach. Aamong the reasons
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cited were that there were too many smokestacks to per-

mit constant observation for visible smgke viclations,

and that no practical scientific equipment was avail-

able which was capable of being placed and maintained

in every smokestack to constantly record the amounts

of invisible gases or particles being emitted. 1In any

event, a strict emission standard has the indirect re-

sult of requiring a change in either equiPmept or fuel

in order to meet the standard, for the emission must

depend upon what substance goes in and what is done to it.
While the concept of setting an emission standard is a healthy
one in that it allows the individual decision-maker to decide on
the type of equipment or fuel to be used, the not effect of di-
rect regulation may defeat this purpose since it is subject to a

number of drawbacks in varying degrees of severity.

FPirst, it may be difficult to determine the "threshold"
amount of pollution since little is known about the damages done
by some forms of pollution and the costs and benefits associated
with it are so ill-defined. HNot much conclusive informaticn is
available concerning the long-term effects of air pollution on
man's lungs, the ecoleogy of lakes, streams, and other natural
systems, or the global effects of man-made emissions. Clearly
any pollution abatement system must be flexible enough to adapt
to the changing body of knowledge as more extensive information
becomes available, and flexible enough to handle different kinds
of situations. Frequently the amount of "safe" pollutants in
the air depends primarily on prevailing winds and other meteorcolo-
giecal conditions in the area. These considerations might he
very difficult toc incorporate in direct regulations. On the
other hand, when the pollution levels of urban air are well
above those criteria agreed on by most authorities as being
detrimental to the health and well-being of the general public,
the guestion of finding an optimal solution must take second
priority to that of taking immediate steps to counteract an
emergency situation. A. V. Kneese has argued that "making im-
proved decisions based on economic data does not necessarily

w35

require that we know the total costs and gains at all. Hence,

this drawback can be considered relatively inconsequential under
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many present circumstances, but is certainly of great importance
in the long-run.

A second and much more seriocus problem with direct regula-
tion is that it can stifle the inventiveness and technological
ingenuity associated with decentralized decision-making in a
profit-incentive system by attempting to requlate the wrong thing,
For example, prohibiting the use of high-sulfur fuel by power
companies does not create any incentive for those companies to
utilize some newly-effective ways of burning the high-sulfur fuel
without polluting, thereby discouraging the development of alter-
nate, lesser-cost control schemes, If the use of high-sulfur
fuel is outlawed unconditionally, then there is no incentive for
researchers to seek hetter stack gas removal technigues or im-
prove on the combustion process. If one type of burner is re-
quired to be used, then there might be no incentive for oil com=
panies toc further develop their capabilities to produce low-sulfur
oil.

To avoid this problem, some cities have allowed for vard-
ances or exemptions to be granted if alternative abatement tech-
nigues become available.

The fact that many experiments are now being conducted
for methods of removing sulfur dioxide from the stack
led to a novel provision in the New York City law. It
permits an exemption from the sulfur limitations for an
cperator whose equipment has control apparatus capable
of continuously preventing the emission of sulfur di-
oxide greater than would be the result of the direct
sulfur content limitations....This alternative was es-
tablished even though no existing method was considered
economically feasible for commercial cperation in this
country....This exemption provision was cbvicusly de-
signed to stimulate industry into channeling research
and development efforts toward new methods of air pol-
lution control, There would seem to be no legal objec~
tion to this type of legislation since it is in the
form of a permissive exemption, and the standards re-
quired are specifically described.

While the conceptual basis for such a provision is sound, its
value may be negated when we consider a third potential problem
drea with direct regulation--that of cfficient administrhation and
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enfcacement, Given that standards and regulations have been set,
regulating agencies must have a workable detecticon and measure-
ment scheme to uncover violators. Even then, unless penalities
are sufficiently high and quickly applied (not often the case
through the courts}, many polluters would rather risk the fine if
they determine that it is cheaper than initiating abatement con-
trols., This “license to pollute” may ease the conscience of the
polluters but does nothing to abate the poliution problem. An-
other administrative problem invelves determination that devices
and controls 4emain effective once in operaticn. Most automebile
anti-smog devices do not work well at all unless the motor is
finely tuned, a situation which might occur only once or twice a
year with many auto owners. The administrative costs involved in
periodic checking of such devices could be cnormous! Yet, if
there is no enforcement, the polluter always has an incentive to
expend as few resources as possible in maintaining the efficient
operation of an antipollution device. This argument applies to
power companies and auto owners alike and is especially perti-
nent in circumstances where the antipollution operation inter-
feres with other profitable activities, Government policies must
be careful to aveid such situations that tend to nullify the
benefit to be gained in a pollution-abatement program of this
sort.

Finally, the very nature of scme operations handled by regu-
lating agencies in the public sector can be an chstacle to effec-
tive action. Too often these agencies are controlled by the lob-
bies of the industries they are supposed to regulate. One can
point to the surprising frequency with which people who hold high
offices in certain federal agencies relinquish these posts to
take positions with the industry under contrel. This problem is
equally common at the state and local levels. aAnother drawback
is that, even when strong measures are provided for regulation,
bureaucratic inefficiency can sometimes bog down the whole cpera-
tion and render it ineffective. The worst situation we could
find ourselves in would ke to be spending millions of dollars and
not solving the problems we are trving to attack!
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Even if all of these difficulties turned out to be resolv-
able and direct regulation policies attractive in the short-run
{as may be the case at some local levels), some cther more
broadly-based difficulties might be encountered in the long-run.
For example, consider the situation if most large cities enacted
laws which called for the use of low-sulfur fuels unless an exemp-
tion is granted. 1In this case, fuel producers might be reluctant
to proceed directly with the expansion of production facilities
for desulfurized fuel, depending on what the eccnomic picture
looked like for stack gas removal technology in the future. If
they geared up to meet an enormous demand for low-sulfur fuel,
and then a technelogical advance in stack gas removal gave all
users a variance on the use of high-sulfur fuel, the demand would
switch to high-sulfur fuel, leaving the producer with idle, ex-
pensive production facilities for the low-zulfur type. Conse-
quently, if the fuel producers did not make enough low-sulfur
fuel available, then the users would be stuck with the high cost
of violating the emission standards and would still be burning

the polluting fuels.

Although legal regulation {such as limiting the sulfur con-
tent of fuel) may seem to be the most immediate and relatively
uncomplicated means to effect a substantial reduction in sulfur-
oxide levels on a local basis, it is by no means clear that it
will provide the type of broadly-based solutions that will most
certainly be needed in the long run, ©On this hote, we will move
on to examine the second public policy alternative, i.e., econo-

mic incentive schemes.

2. Economic Incentives

The basic philosophy inherent in the use of economic incen-
tives for air pollution contrel is that of a genenal xefiance on
the allocative mechanisms of the private market, coupfed with some
form of exogenous political inteavention to cornect fon specific
deficiencies in the overnall Aysiem. Economic incentives might
take several forms including subsidies, fuel taxes, and emission

charges.
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Subsidies

Subsidies are intended to encourage the utilization of pol-
lution-abatement schemes by relieving part of the financial bur-
dens that might be imposed on various industries and municipali-
ties. Subsidization can take the form of outright grants-in-aid,
tax or property assessment credits on new pellution control in-
vestments, fast depreciation writeoffs, or guaranteed loans. The
perceived need for monetary assistance can be traced to the seri-
ous financial plight of some cities (due to a steadily decreasing
tax pase) and the unwillingness of many companies to make sub-
stantial capital investments that will not increase profits.
Subsidies can be used to encourage or discourage the use of cer-
tain abatement techniques, but must be administered wisely so as
to preserve the advantages of flexible decision-making in the in-
dividual firm in arriving at a least-cost solution, e.g,, stack
gas removal as opposed to fuel substitution.

Subsidization schemes have some specific disadvantages that
make them of limited value. One drawback is that, even with sub-
sidies, most firms may be reluctant to make an investment due to
the absence of any acceptable economic return:

Thus, if a pollution centrol device neither helps to
produce saleable products nor reduces production coasts,
a firm really receives very little incentive to buy the
device even if the government offers to pay half the
cost. All that such subsidy schemes accomplish is to
reduce somewhat the resistance to direct controls.3

The accuracy of this statement is acknowledged even within the

business community. One executive has put it this way:38

-..if you would base pollution contrel on a system of
incentives, you might be disappointed. The marginal
dollar gained for pollution control is hardly as ex-
citing as the marginal dollar gained in expanding sales,
creating new products or improving technology. This
type of income promises growth and future profits.

I think that many, if not most businesses have a shori-
age of key personnel and they would rather use this to
develop the mainspring of their profits than to maximize
their pollution subsidies.

Another disadvantage is that outright grants, taken by them-
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selves, often discourage development of pollution controls beyond
that which is covered by the subsidy. There is no economic in-
centive to do more than is possible with the amount of the grant.
Groups may often be reluctant to act until they feel they have
obtained the maximum subsidy possible. This opens the door to
the practice of gamesmanship on the part of the subsidized indus-
try. There may be a tendency to overstate the capital needs of
some particular contrel scheme to increase the subsidy and de-
crease the share of the burden on the industry itself. Also, in
many cases, there is no clear-cut, end-of-the-line device that is
solely related to controlling pellution. Some modifications in
process might produce valuable by-products whose costs would he
unfairly covered by the subsidy. Unless the government subsidi-
zing body knows the production technologies of all firms involved,
there is no way to make checks on the accuracy of each firm's
cost estimate. Hence, there may be vast informaticnal require-
ments to he fulfilled at great cost (hiring of experts, etc.)
since information of the kind needed is seldom forthcoming from
the industries themselves!

A third objection to some forms of subsidization can be made
on the grounds that those who benefit from the production of
goods that cause pollution, either by consuming the good or
making profit from its production, should bear the costs of pol-
lution abatement as a factor input to production. The people of
the town where an industry is located should not have to pay the
costs of air and water pollution caused by the industry. Yet
large-scale subsidies, which come directly from tax revenues, are
financed by every taxpaying citizen whether he is inwvolved or
not. There is no preservation of the market function of alloca-
tien by price. The subsidy merely transfers the diseconomy from

one group to another, although larger.

Another limitation of subsidization pelicies is that they
seem suited cnly for those externalities in which the capital
costs are the only real significant feature that prevents the
situation from being corrected. If effective control technolo-
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gies have not been develcped for a given pollutant, subsidies
have no real meaning unless applied to a rescarch and development

program.

The case against subsidization as an effective tool in pol-
lution control has been stated very convincingly in a recent

article entitled "Tax Incentives Don't Stop Pollution":39

Federal and State Tax Incentives designed to help in

the fight against pollution are fiscal carrots that

don't work. They are expensive, and they are soft on

pollution. Tax incentives fail because they do not give

industry an incentive teo invest in nonproductive faci-
lities, they apply only to physical devices, they pro-

vide the public no gain to offset the revenue loss,

they are of advantage only to wealthy firms, and they

shift the burden of reducing pellution to the general

public.

The conclusion as to the limited usefulness of subsidization
policies applies directly te the area of sulfur-oxide emissions.
There is no really strong evidence to indicate that subsidies
will provide sufficient inducement teo power companies and apart-
ment owners alike to invest in new equipment and other pellution
control devices which do not, in general, generate new revenues,
Even with tax credits and direct subsidies, there still remains
a capital expenditure that will yield no return. The only in-
stances in which subsidies seem to be desirable are 1) in helping
states and municipal governments to meet the capital costs of
their own pollution-abatement programs, and 2) in financing basgic
research and development. Owverall, subsidization schemes are
subject to a number of serious drawbacks that render them inher-
ently unworkable on any broad basis in the control of sulfur-

oxide emissions, or of polluticn in general.

Having ruled out the various forms of subsidies as ineffec-
tive on any significant scale, we now turn to the second general
class of economic incentives—-direct charges. These can take the
form of a 4fec on pollutant emissions (@etermined at the stack) or
& ltax on the pollutant content of some input to the combustion
process, usually the fuel, In the next subsections we will exam-
ine both of these alternatives in depth.
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Emisaicon Feeas

Emission fees have been suggested as a direct means by which
a polluter is made to come to terms with the costs of external
effects associated with his enterprise. The fee would be levied
in proportion to the amount of effluents discharged. In the
optimal situation, the imposed charge would be equal to the so-
cial damages--in whatever way determined--caused by the pollution.
The polluter, now faced with the proper costs of the factor input
of waste disposal, will alter his production methods and/or his
outputs after reevalualing the cost of waste disposal with the
effluent charge attached, The polluter then maintains the flexi-
bility of decentralized Qecigion-making and can use any means
available to arrive at that level of pollution abatement that is
consistent with the objectives of his operation. If the charge
is correctly determined, this level will be one that is consis-
tent with the wvalues of society. He has the choice of 1) cutting
back production to reduce pollution; 2} installing control equip-
ment; 3) changing his process to one that is more efficient pel-
lution-wise, or 4) paving the penalty for the pollution. If the
penalty does indeed reflect the social cost of the pollution, the
latter alternative would only be chosen when society wvalues the
production and consumption of some good more than it does cleaner
air, or when, because of economlies of scale, it is cheaper to pay
the penalty to an outside group who will plan, build, and operate
a pollution-control system for multiple users (which may be fea-
sible for water-pollution contrel, but probably not for air pol-
lution). The big advantage of this scheme is that, if the charge
is chosen correctly, the market mechanisms will lead to an effi-
cient level of pollution, i.e., that level society desires, given
that a certain amount of (least-valued) resources must be ex-
pended. Another advantage is that producers are not denied al-
ternative actions on seeking out this least-valued expenditure--
the emission charge provides the stimulation te find innovative
schemes of pollution control even if not for reducing pollutien
for its own gsake but for profit incentives alone. Obviously, if

similar industries receive like incentives, the one which solves
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its peollution problem by minimizing the tradeoff costs of penal-
ties vs. pollution control will reap the largest profit since the

price of the product is established by the market.

Another feature of the emission fee scheme is that part of
the charge would be passed on te the consumer in the form of
price increases and part of the cost would be borne by the pro-
ducer as part of the cost of doing business. Hence, the results
are eguitable since those who benefit from polluting (consumers
and producers} must now pay. This forces a reevaluation of the
benefit they derive from producing/consuming a certain amount of
goods and gervices. If this benefit is still greater than the
total costs of lost opportunity to society {as now reflected in
the price}, then it is to the net benefit of society to have this
amount produced. This leaves room for the fact that there will
be some level of pollution at which society values having other
things more than it values a further reduction in pellution.

Still another benefit of effluent fees is that they can be
levied in proportion to the magnitude of the pollution problems
confronting each different locale. Alsc, once a metering system
is installed there can be great flexibility in varying the charge
as a function of prevailing meteorological conditions. If these
charges are published in advance, polluters can prepare to switch
to other control means as a temporary measure in certain circum-
stances. For example, a power plant might find that a stack gas
removal device is the most efficient way for them to control 802
emissions under normal conditions and a fixed fee rate. However,
it may be to their advantage to switch tec a reserve supply of very
low=sulfur fuel during unfavorable weather conditions when the
stack device may not be the least-cost alternative with an in-

creased emission charge,

If a reliable scheme of emission charges could be implemented,
it would seem to be the ideal solution to the air pollution prob-
lem in that it "internalizes" all the external social costs,
thereby preserving the clear advantages of resource allocation by

a properly-functioning market. However, the question of imple-
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mentation presents some difficulties that must be resolved before

a workable effluent fee scheme can be designed.

First, there is the problem of correctly determining the
magnitude of the charge or fee so that it accurately reflects the
true social costs involved and distributes them equitably among
the various types of polluters. Harold Wolozin has identified the
measurement of the costs of pollution to individuals and society
at large as one of the most difficult assignments in the economics
of air pollution., He points out that economists "have cast seri-
ous doubt on the wvalue and reliability of existing national esti-

|n4 0 pri_

mates of damage based on currently accepted definitions,
marily because of the pervasiveness of the air peollution preblem.
While this might appear to pose serious difficulties, we must
keep in mind that we are striving to improve on the present situ-
ation, not reach perfection overnight. A sysiem of fees ox
chatnges has The advantage that it {s amenable to tnial-and-erron
adfustment, is fLlexible enough te be affened whenevekr thenre L8

a percedved change in the values (however detenmined] of society,
and points the system in the xight dinection (fowards optimality
and efficiency) initiallfy. On these grounds alone, then, it
would be worthwhile instituting effluent charges as an effective

control technique.

A second guestion that hag been raised concerns the nature
of assumptions that are made about investment decisions and busi-
ness behavior in general. What has been challenged, of course,
is the classical notion of short-term profit maximization, fre-
quently objected to on the grounds that it does not include the
many socioclogical factors that play important roles in business
decisions and ignores longer-term goals such as the stability or
even survival of the firm.

...To support the contention that externalities can be

internalized through effluent fees, proponents generally

fall back upon a conventicnal econcmic analysis of the

nature of business behavior in the modern world, a

model of business behavior which has been questioned

sericusly in the literature on the subject and one which
very few economists adhere to rigorously in explaining
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the behavior of the firm or industry....Directly related
to this is the tenuous nature of current theories and
knowledge about the formulation of investment decisions
in business firms.

- ..BEvidence to support the thesis that effluent fees

will result in investment outlays on pollution abate-

ment equipment is shaky. Uncertainty, the nature of

Ccapital markets, and other factors determining invest-

ment decisions would inject a good deal of indetermi-

nateness into any attempt to predict responses to

effluent fees.
While this challenge to the conventicnal theory of the firm is
well taken, I feel that it does not logically imply that effluent
charges are ineffective in bringing about capital cutlays on pol-
lution. I§ the chanrge is set high enrough, poflutens will always
have the JLpcentive te take contrnel measunes negardless of thein
uftimate objeetive, be it profii maximizatlon, safes on mevenue
maximization, ¢r whatever. What changes with revised theories
is the exact location of efficient points and not the fact that
we are moving toward efficiency. The crucial assumption behind
effluent fees is that, rather than maximizing profits, producers
will expend the least-valued set of resources to attain a particu-
lar cbjective. Therefore, if a pollution charge is set high
encugh, the polluter will always look for a less costly means
of waste disposal, e.g., installing abatement equipment or using
nonpalluting fuels., Also, there is no need to predict accurately
the responses to effluent fees since they could easily be increased
if pollution abatement did not proceed at the desired rate.

The third and, in my cpinien, the only substantive Aiffi-
culty with emission fees is in the area of monitoring.

The real problem which advocates of effluent charges
must face is the problem of metering, or of estimating
in some way the amount of effluent actually generated
by various emitters, Here the problem of air pollution
is seen to be a particularly difficult one in that the
number of small emitters and of the number of cmitters
difficult to meter effectively is large and their COEE
tribution to the problem is too great to be ignored!

The essence of this problem is in the high cost of existing moni-

toring devices for large sources and the unavailability of prac-
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tical devices for the multitude of smaller sources.

In-stack instrumentation is already available for mea-

suring inorganic, gaseous emissions such as carbon di-

oxide, nitrogen oxides, and sulfur oxides resulting from

fossil-fuel combustion. But before the gas from a stack

can be sampled, expensive scaffolding and a platform

must be built on the stack and probe holes provided,
While metering costs may be prohibitive at present, the techno-
logy is undergqoing development that could produce econcmical de-
vices in the very near future, Also, what we consider to be
"econonical® today could be vastly different in a couple of years
as the problems of pollution continue to degrade the human envi-
ronment, 5till, possible difficulties in inspection, measure-
ment and administration of what might be a complex system are the
greatest obstacles to an effective effluent fee scheme. But the
benefits of such a system are potentially great enough to warrant
a careful economic evaluation of the costs that would be incurred.
Unfortunately, such analyses seldom seem to be done for reasons
that have been described by Marshall Goldman:

The first hurdle that must be overcome is the winning

of political support from the numerous skeptics who

doubt that economic controls are workable. Many pollu-

ters distrust the use of economic contreols. Some dis-

trust them because they do not understand them. Others

cite the fact that economic controls have not always

worked well. Occasionally arbitrarily applied taxes

and subsidies have solved one set of problems only to

create a whole new set of distortions. Thus some

critics fear that the use of pollution charges will

bring about just the opposite of what is intended.%4
If some of these attitudes can be overcome, a system of effluent
fees seems to have great potential as a long-run sc¢lution to the

overall problems of pollution.
Fued Taxes

A good example of the second form of economic incentive is
the imposition of a tax on high-sulfur fuels in such a way that
the cost of producing them becomes comparable to the cost of low-
sulfur, less-polluting fuels. Such a tax is, in one respect,

another form of an emission charge since, given the known sulfur
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content of fuel and the efficiency of a particular process,

the level of emissions is directly related to the amount of
fuel burned. But, since the tax is on the 4{rput to the pollution
process, it might be much easier to administer since all that
needs to be known to determine the charge ig the amount of fuel
consumed, While the problem of determining the correct rate
Structure still remains, again it is more one of making sure the
incentive for polluters to take action is strong enough rather
than assuring that the tax accurately reflects the true costs
to society of pollution. When the concentrations of sulfur
oxides are a good deal above the minimum acceptable levels,

we are not so much concerned with an optimal solution (in the
long run) as we are with deing something about the problem cn

a more immediate basis.

A tax of this sort, if imposed on the producers of the va-
rious fuels, has the advantage that it would provide an incentive
for those producers to develop less costly ways of producing low-
sulfur fuel since the demand for this type would increase., A
progressive (over time) rate structure could give the industries
a2 chance to make these advances through accelerated technological
research. Much of the tax would be passed on to the users of
high-sulfur fuel in the form of higher fuel prices. If the tax is
properly determined, the cost of burning high-~sulfur fuel will
not be attractive compared te the cost of its low-sulfur counter-
part . Thus, there will be a greater demand for the low-sulfur
fuel, providing an incentive for producers to gear up production
facilities to meet the demand. The increased costs would be
spread out down the line from producer to the ultimate consumer,
which seems to be the eguitable distribution of the pollution
burden.

One serious disadvantage of this scheme as it now stands
is that there is no incentive to users of the fuel to develop
other means of sulfur-oxide control, e.q,, through stack gas
removal technology. To counteract this, it has been suggested
that a tax rebate be available to encourage the users to find
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alternative, least-cost methods to reduce their emissions.

Thus, there appears to be a degirable doukle incentive--to the
produgers to clean their fuel before sale, and to the users

te take alternative measures to reduce their emissions. We

can see how a scheme such as this might lead to a least-cost
technological solution. If fuel users find that they can develop
ways of burning high-sulfur fuel (by taking the sulfur from

the stack gases) that is less costly than paying the price for
low-sulfur fuel, they will go ahead with it and demand more
high-sulfur fuel. In this case, the technology of stack gas
removal would be less costly than that of desulfurization, and
the most efficient result would be continued production of high-

sulfur fuel,

This propesal is similar in scme ways to both direct regula-
tion and effluent fee schemes. As with direct regulation, it
focuses attention on one particular control means (making low-
sulfur fuel more attractive) and allows for the development of
other technigues via a tax rebate. BAs with effluent fees, on the
other hand, it incorporates a variable rate structure and attempts
to "internalize" the economic costs of polluting the air (rather
than simply outlawing the use of high=-sulfur fuel}. The gquestion
that must be asked is: does this proposal successfully bypass
the difficulties with effluent fee schemes (monitoring, especi-
ally) without incurring the problems associated with direct

requlation?

The answer to me seems to be ne. It may be true that a
properly-formulated legislative package can avoid the problem
of continuous monitoring and succeed in retaining the flexibility
of decentralized decisions, encouraging the develcopment of a
wide range of technologies, and seeking an efficient level of
pollution through market mechanisms. But the prohibifive drawbacks
of dinect negulation nemadn in the Long-hun. For such a system
to work, regulating agencies must still have swift enforcement
with practical detection and measurement technigues to uncover
violators. Without this, there is no way to assure compliance.
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Once a pelluter secures a variance {and a tax rebate) for a
new device he has no incentive to keep that device operating
efficiently unless violations can be detected and punished.
Another very important shortcoming is that a tax of this sort,
especially at the federal level, is inflexible with respect

to varying geographic locations and meteorclegical conditions.
The danger here is that state and local governments will grow
to rely on a federal taxing scherme without gearing up to meet
longer-term issues, since serious questions will be raised ulti-
mately as to the wvalue of reducing polluticn beyond a certain
level,

Most of the other objections to direct regulation apply
equally well te the taxation scheme. The only real difference
between the two policies is that one imposes a variable tax en
sulfur content while the other simply outlaws it beyond a certain
level. 1In fact, if the tax were high enough, the two schemes
would be virtually identical. So it is not by any means clear
that a fuel tax can be a successful "marriage" of the advantages
of econcmic incentives and direct regqulation that aveids the

asgociated disadvantages.

3. Concluding Remarks

Due t¢ the tremendous complexities of the problems of pollu-
tion, no one policy alternative can at present solve a given
problem by itself, since each has some very serious drawbacks.
However, a well-chosen mix of policy tools, making use of the
best characteristics of each while taking steps to counteract
associated disadvantages (or making a value judgment as to the
least of many evils}), seems to be the best approach to the solu-
tion of pollution problems. Our final task in the remaining sec-
tion is to try to establish some general guidelines for the de-
sign of regicnal and national pollution-abatement policies., We
will look at the roles of the federal, state, and local govern-
ments in controlling sulfur oxides, taking an overview of all the

economic, technological, and policy-making factors considered
so far.
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VI. CONTROLLING SULFUR OXIDES: AN OVERVIEW

Initially, governmental response to the growing problem of
sulfur oxide air pellution came at the state and local levels.
Under the pressures of public opinion to take immediate action,
the cheapest and most politically feasible alternative has been
direct regulation, usually in the form of a restriction on the
sulfur content of fuels. Harold Wolozin has commented on this

trend:45

+..With the emphasis placed by the Air Quality Act of

1967 on governmental enforcement of air standards and

the designating of air quality control regions, the

trend seems to be toward increasing governmental as-

sumption of direct responsibility rather than any

commitment to the indirect pressures operating through

market incentives such as effluent fees, In a sense,

the conceptual battle lines have been drawn.
Based on the discussions of the previous section, I feel that this
may be a dangerous trend that risks delaying any really effective
abatement of sulfur oxide pollutants. While direct regulation
may have some immediate short-run advantages, its effects in the
longer run may well be counterproductive. First of all, restric-
tions on the use of high-sulfur fuel provide ne incentive for
polluters to search out least-costly abatement schemes, and when
provision is made for wvariances, there is ne incentive for abate-
ment levels to be maintained unless there is a workable detection
and measurement scheme. Thus the argument about the primitive
state of the art of measurement technology is just as much a draw-
back to direct regulation as it is to an economic incentive
scheme. Secondly, direct regulation is usually inflexible with
respect to changing meteorological conditions, a serious drawback
as overall pollution levels begin to decrease and justification
for further controls becomes more difficult to make. This is just
another of the many ways in which direct regulation can work to
discourage movement in the direction of economic efficiency. a
third and perhaps most damaging effect of direct regulation is
the large amount of additional uncertainty that it introduces inte
the economic arena. 1 have already speculated on the reluctance
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that an oil company might have to respond to short-term changes
in the demand for low-sulfur oil! due to a rash of local regulations,
many of which could be revoked at any time in the future. B2 re-

cent article in Time seems to hear this c:ut:46

...Last week at General Motors' annual meeting, Chairman

James Roche announced that the corporation will spend

$214 million to combat pollution in 1971, Despite these

outlays, environmentalists charge that major polluters

often stall for time during lengthy negotiation periods
provided in many state and lccal laws, then begin work

in earnest only when court action is threatened. 7In re—

plying to this criticism, industry executives note that

there are still no naticonwide standards for many kinds

of pollution control. If federal laws become tougher

than local ones, they note, much of their early invest-

ment could be wasted, Says Crown-Zellerbach President

C. R. Dahl: "Standards have a way of changing on us, we

never really know where we will be tomorrow."

Based on the above considerations, I feel that direct regu-
lation is a generally inadequate policy tool when applied to the
problem of controlling sulfur oxide emissions. While it may bhe
the gquickest, cheapest, and most politically feasible means to
abate pollution on a local level, it is basically ineffective ag
a long-term soclution to the problems and risks creating a danger-
ous legislative momentum that will be counterproductive in the
leng-run. However, regulation may be effective in supplementing
other schemes when nc feasible policy alternatives exist to cor-

rect for specific deficiencies.
2, The Alternative to Regulation

Recognizing the basic inadequacy of direct regulation as a
pollution control scheme, we should divert our attention to the
alternative category--economic incentives. A scheme of this sort
is presently being considered at the federal level where recent
proposals47 have been made regarding a tax on the sulfur content
of fuels. In a recent communication,48 Gordon J. F. MacDonald of
the Council on Environmental Quality has expressed the rationale
for moving in the direction of financial incentives:

The factors of a changing technology combined with the
schedule and enforcement of air guality standards pre-
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sage delay until industry installs the needed equipment.
The introduction cof a financial incentive will supply

a strong motivation for them to actively pursue the most
efficient techniques or combination of methods for redu-
cing emissions with an incentive to effectively maintain
and operate facilities as well as to install them. The
liability for payment of a charge on uncontrolled emis-
sions would produce the incentive to bring about the
quickest possible reduction in the emission of this harm-
ful pellutant (80,) by making profits depend directly
upon the degree of control undertaken.

In this context, the issue at hand becomes cne of deciding among
the various forms that ecconomic incentives might take. I think
that subsidization schemes such as cutright grants or tax incen-
tives can be eliminated from serious consideration on the basis
of previous discussions. That leaves us with emission charges
and fuel taxes as alternatives that must be viewed within the
overall context of the sulfur oxide problem, A brief review of
that context will be useful at this point.

Seme ©of the key facts brought cut in previous discussions

are as follows:

1. the technology for removing sulfur from stack gases
is undergeing intensive development but is not yet
feasible for widespread application

2. in general, stack gas technology has potential use-
fulness cnly for large scurces because ¢f the high
capital costs involved

3. the supply of low-sulfur oil can be considered ade-
quate both in the short-term and long-term since it
depends only on desulfurization technelogy, which is
well-developed

4. the availability of low-sulfur oil is a function of
demand at a premium price

5. the supply of low-sulfur coal is abundant in the
short-term but limited in the long-run relative to
the supply of high-sulfur reserves

6. desulfurization technology for ceoal, though under
development, is not presently available for wide-
spread application

7. the availability of low-sulfur coal is a function
of demand at a premium price
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B. the instrumentation necessary to continuously moni-

tor the emissions of both large and small sources

is not available for widespread application at pres-

ent; again the ©osts are prohibitive for the smaller

sources
Two things are important to note from this review. First, the
humber of feasible abatement techniques is strongly a function of
time. At present, the use of low-sulfur fuels is generally the
only realistic choice. However, as other pollution-control tech-
nelegies are developed, this situation will become very differ-
ent in the long-run. This disparity between short- and long-
term avajlability of technology applies as well to instrumenta-
tion for detection and measurement. Secondly, large and small
pollution sources are in distinctly different situations with re-
gard to the present and future availability of technical alter-
natives for sulfur oxide control. Most research and development
is channeled in the direction of devices for the large sources
since the relative costs of effective contrel devices for the
smaller ones are very prohibitive. Thus it appears that the use
of low-sulfur fuel will remain the only practical alternative for
small polluters for a much lenger time than for the larger
polluters.

In our discussions of the economic incentive policies that
might be employed to control pollution, we have noted disparities
similar to the ones mentioned above regarding effects over the
short- and long~term and in relation to the size of the pollution
source. For example, fuel taxes seem useful in the short-term,
but are inflexible to changing meteoroloegical conditions, an im-
portant issue in any effective long-term abatement scheme. Al-
ternatively, the concept of emission fees seems best suited to
the long-term while the needed monitoring instrumentation is not
at present available, especially for the multitude of small
sources. This suggests that the best pollution control policy
is one which matches the advantages of different schemes to the
changing situations cncountered {1) over time and (2) between vari-
ous pollution sources. By matching certain policy tools to cer-

tain segments of the overall problem in a sfaged sfrategy ovex
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{ime, we can preserve a great deal of flexibility in seeking
efficiency, aveid dangerous legislative momentum that can per-
petuate a given policy beyend its usefulness, and bring about
immediate and substantial reductions in sulfur oxide levels.

How then do we go about designing such a strateqgy that can effec-
tively come to grips with the problem of controlling sulfur oxide

emissions?

2. Concluding Remarks: A Proposal

I envision an approach that will ultimately internalize the
costs of pollution through a fwo-phased strategy that uses eco-—
nomic charges as the fundamental policy tool:

Phase One

+..A progressive tax on the sulfur content of fuel should
be enacted at the federal level with provision for rebates
for alternate abatement technigques {even though few are
feasible at present}

.. .The revenue generated should be used to subsidize large
scale research and development efforts and assist the
states and cities with the financial burdens of control-
ling municipal pollution activities

+..Direct regulations should be phased ocut immediately at
the local levels., If pollution sbatement does not pro-
ceed satisfactorily under the federal tax, the states
should enact supplementary taxes until the total charge
is sufficiently high to effect the required abatement.
Direct regulaticns should be used only as a last resort,

Phase Two

...Effluent fee schemes at the state and local levels
should ultimately replace the federal fuel tax, beginning
with larger sources and then smaller sources if possible

-..If necessary, a two-fold policy of emission fees for
large sources and a fuel tax for small sources could be
employed until a feasible monitoring scheme for small
sources is available ¢or if low-sulfur fuel appears te be
the only control alternative for the small sources in the
long-run

-..Ultimately the federal fuel tax will be discarded in
favor of state or local emission fees and fuel taxes as
revenue requirements switch from the national (bkasic re-



236 Emiszion Control

search} to the local (administrative) levels

This proposal reflects the preference ordering established
in previous discussions with regard to alternate policy tools,
i.e., emission fees are the most desirable ultimately, followed
by fuel taxes as a suitable interim alternative, with direct
requlation a poor third to be phased out as soon as pessible.
The appreoach has some particularly attractive features, With
emission fee schemes generally not feasible at present, a fuel
tax has a number of advantages over direct regulation in the
short—-term, even though this scheme suffers the same drawbacks
as direct regulation in the long~run. The most significant bene-
fits of the tax are as follows:

1. It provides a more uniform set of regulations that

reduce somewhat the uncertainties introduced by

legislative dabbling in the economic arena at a
multitude of local levels

2. It generates revenue that can be applied to needed
research and development efforts, which can most
effectively be administered at the federal level

3. It can preovide an immediate and strong incentive to
reduce the levels of pollution

4. It avoids the problem of detecting and monitoring
emissions as long as no sufficiently attractive al-
ternatives to low-sulfur fuel exist. Since the
effectiveness of the tax does not depend on techno-
logy right away, it allows time for the parallel de-
velopment of abatement and measurement devices

5. In temporary situations where the use of high sulfur
fuel is necessary, the polluter pays a direct and
high penalty whereas under regulation he may be wil-
ling to break the law and risk court action. &n
auvtomatic charge provides much more incentive than
the possibility of a fine, especially when there is
the chance that a violation will go undetected under
direct regulation

6. The low-sulfur fuels whose use is encouraged are
readily available on the short-term
While this alternative seems best suited to present needs, the
shortcomings that it shares with direct regulation become more

serious as technical development progresses. Unless a workable
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detection scheme is available, compliance with standards will be-
come less certain as more variances are granted to alternative
control techniques. In additien, the varving local effects of
meteorological conditions and geographic location will become
increasingly important as overall pollution levels decrease. It
is the basic inflexibility of the fuel tax in adjusting to these
changing factors that make it unsuitable as a long range solu-
tion. For this reason we turn to the emission fee scheme in
Phase Two.

We have seen that if the problem of monitoring can be over-
come, emission charges have the advantage of maintaining the
greatest flexibility in achieving economic efficiency with the
least amount of collective interference in the economic arena.
The staged strategy is advantageous in this regard since it al-
lows time for the development of the reguired technology while
still deing something significant te control the problem in the
meantime. The result is uvltimate reliance on the most desirable
leng-term sclution—-emission fees--while avoiding present problems
of implementation and taking advantage of the shorter-term bene-—
fits of the fuel tax.

In addition to bringing about a "marriage" of the short- and
long-term advantages of different policy tools, the staged strate-

gy over time has the following beneficial side effects:

1. It reduces the uncertainties that are inevitably
introduced through legislative dabbling in the
economic arena. A progressive fuel tax provides
uniformity when established at the federal level, and
an emission charge does not involve regulation of the
use of fuels or abatement devices.

2. By recognizing a disaggregation of the effects of
policies over time, it maintains the incentive neces-
sary for the continued developrment of new technelogies.

3. It allows for the use of a mixture of policy tools,
both in the short- and long-terms, which helps avoid
the legislative "momentum” that risks foreclosure of

important options in the future.

All of these consideraticns lend added weight to our funda-

mental conclusion in this analysis, i.e., the most effective
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policy regarding the control of sulfur oxide emissions appears to
be a combination of fuel taxes and emission fees in a staged
strategy over time. If properly formulated, such a policy can
realize the efficiency-seeking advantages of each scheme while
avoiding the shortcomings that make sole reliance on either one
unrealistic., At the same time, there are additional benefits in
adopting a policy that anticipates changing situations and main-
taing the flexibility needed to deal with them as they materialize.
Thus, the proposal presented here adheres to the principal guide-
line that we have recognized with regard to pollution-control
policies~-the preservation of the efficiency-seeking mechanisms

of decentralization and flexibility--and is sensitive to the real-

world context within which implementation must take place.
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CHAPTER 5

WATER QUALITY IMFROVEMENT
IN BOSTON HARBOR

by

Dennig Ducsik
Thomas Najarian

ABSTRACT

The utilization of Boston Harbor and its island group to
theixr full potential as a recreaticnal rescurce hinges on one
important condition~-that of an acceptable water gquality.
Unfortunately, the present status of pollution in the harbor
prohibits the effective development of water-related recrea-
tional facilities on any broad gcale. This article is intended
to point out an area in which feasible abatement measures have
the greatest potential for bringing about a pronounced water
quality improvement. This invelves the issue of sludge handling
and dispaosal.

The current method of sludge disposal at the Boston treat-
ment plants is to dump it, after bacterial digestion, directly
into the harbor. Yet it iz known that the disposal of digegted
sludge threough direct discharge into receiving waters greatly
reduces the overall effectiveness of the treatment plant in re-
moving bacteria and oxygen-demanding materials, and considerably
negates whatever nutrjent removal there might otherwise be. 1In
investigating the case against sludge, we have found substantial
evidence indicating that sludge is a primary contributing factor
to the bacterial degradation of the waters in Boston Harbor.

As a first step in finding a suitable disposal scheme for
digested sludge which avoids harbor dumping, we have examined
in a preliminary way some commonly-used techniques. One feasible
method is drying and storage on land. This analysis was not in-
tended to be complete--we realize that there may bhe other more
efficient ways to handle sludge. oOur primary purpose has been
toc focus attention on the immediate need to attach a high pricority
to the entire question of sludge and its effect on the quality of
receiving waters.
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CHAPTER D

WATER QUALITY IMPROVEMENT IN BOSTON HARBOR

L. INTRODUCTION

We have seen in Chapter 3 that shoreline recreation is a
public good and, as such, will be allocated an inefficiently
small share of coastal acreage by the private market. As a
short-term component to the solution of this problem we recom-
mended that governments take immediate steps to preserve whatever
suitable areas remain, especially in urban regions where the
demands are greatest, One such area is Boston Harbor, where
a large number of undeveloped islands offer a unigue opportunity
to provide facilities to meet the future recreational needs
of the Boston metropolitan region. However, the value of the
harbor islands as a recreatiocnal resource hinges on one important
condition, that of an acceptabfe waten guality:

The Metropolitan Area Planning Council has recently com-

pleted an open space and recreation study of Boston Harbor.

The Council considers the harbor a majer recreational

center for the Boston area and recommends a program of

open space acquisition and development....The MAPC, how-

ever, points out, "No improvement or recreational devel-—

opment of the harbor iz possible without an end to

pollution.l
Unfortunately, the present status of water quality in much of
Boston Harbor prohibits the effective development of water-
related recreational facilities. The purpose of this chapter is
to seek out and discuss an area in which feasible abatement con-
trols have the greatest potential for bringing about a pronounced
improvement in water quality in the harbor area.

II. BACKGROUND

Boston Harbor consists of an inner and an outer harhor, and
a number of bays, as can be seen in the aerial photograph of
Figure 5.1. The Sierra Club has described the harbor area in a
fact sheet prepared by a task force of their Eastern New England

Group:
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Source:

Aerial Photos of New England, Boston, Mass.

Figure 5.1 Boston Harbor and vicinity
{Cape Cod in Background)
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It is an understatement to say that metropolitan Boston
has failed to make imaginative unse of its unigue resource.
A Civil War vintage prison denies the public any Aaccess
to beer Island. A city hospital for the chronically ill
and infirm en Long Island accomplishes the same. For
years Spectacle Island was a city dump, and today the
Boston Redevelopment Authority (B.R.A.) moors barges of
burning refuse from urban renewal off the Brewsters, the
Harbor's most scenic islands.

Elsewhere, highways built atop the waterline and houses
built to the shoreline obstruct access. ©il tank farms,
shopping center parking lots, warehouses, and other com-
mercial uses are taking over more of shoreline and marshes
with a blatant disregard for the unigueness of their loca-
tions.

Pollution is, of course, a major problem, Logan Airport
fouls the air and creates noise. These add to the prob-
lems caused by the vast guantities of raw and treated
sewage, and some industrial waste, which are discharged
into the Harbor to be carricd away by the tides. Sewage
and oil spills cause the closing of several public beaches
each summer.

Many of the Harbor's rich clam beds are closed to the pub-
li¢c, Some are ogpen only to commercial rakers who must
clean and treat their take before marketing. Clamming is
potentially an industry as well as a substantial recrea-
tion resource,

Fill has been so extensive that the Inner #arbor is today
little more than a corridor to Boston's wharves, an open
sewer through which the polluted waters of the Charles and
Mystic Rivers and much of the City's wastes can reach the
sea.

Bosten Harbor is much more, however, than fill, airport
noise, and water pollution. It is big--47 square miles

of water, 180 miles of tidal shoreline, 30 islands with

a total area of about 1400 acres. While the Inner Harbor
is congested and dirty, the Quter Harbor has a lot of open
water. There are islands with trees and open meadows, some
with rocky shores, many with mysterious ruins and old forti-
fications....Those marshes that remain are a vital link

in the ecological chain that supports marine life far from
the limits of Boston Harbor's waters. They have a monetary
value that planners fregquently forget.

Despite very poor access, the Harbor's public beaches are
used by about 1.5 million bathers during a summer season.
There are 28 boat launching facilities and 35 yvacht clubs
with more than 3,000 member families.
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The Massachusetts Legislature has recognized the unigue
importance of Boston Harbor and its islands by authorizing the
purchase of those islands that are now in private hands.3 The
iglands are to be used for public recreation and conservation.
At the same time, the HNew England River Basins Commission has
established water quality goals and has been engaged in the de-
velopment of a water guality management plan for the Boston Har-

: 4
bhor Dralnage Area.

It is within this context that we examine the problem of
pollution in Boston Harbor. This chapter is intended to serve
as an input to the process of managing and planning for the ef-
fective ahatement of water pollution in the harbor. Qur approach
will be to focus on a specific aspect of the proklem with the
goal of determining the most feasible course of action that will
make a substantial contribution to improvement of the harhor
water quality. The results of this analysis are presented in the

following sections.

IIT. POLLUTION IN THE HARBOR--AN OVERVIEW

1. The Status of Harbor Pollution

In Massachusetts there are three basic categories of water
gquality, as shown in Table 5.1. Class SA waters are the cleanest
and are suitable for all forms of recreational activity. Class
SB waters are deemed suitable for bathing and restricted shell-
fishing, but are tolerable only in a marginal sense since some
people might prefer to avoid contact with water in this class.
Class SC waters are not suitable for water-contact activities or
shellfishing, but can be used for boating.

These classifications are based on allowakle concentrations
of a number of indicators including dissolved oxygen, coliform
bacteria, and plant nutrients such as dissoclved phosphorus and
nitrogen, UTPissclved oxygen is necessary to sustain fish and
other marine life and is depleted in the biochemical decomposi-
tien of organic matter in sewage or by an overabundance of oxy=-

gen-demanding plant life. The presence of caliform bactenia is
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Clagsification Usage
ShA S5uitable for any high quality water

use including bathing and water
contact sports. Suitable for ap-
proved shelifishing areas,.

SB Suitable for bathing and recrea-
tional purposes including water
contact sports; industrial cooling:
excellent fish habitat; good esthe-
tic value and suitable for certain
shell fisheries with depuration.

sC Svitable for esthetic enjoyment;
for recreational boating; habitat
for wildlife and common food and
game fishes indigenous to the region:
industrial cooling and process use.

Source: Commonwealth of Massachusetts, Water Resources
Commission

Table 5.1 Commonwealth of Massachusetts Water
Quality Classifications and Usage

indicative of the existence in the waters of pathogenic bacteria

which constitute a health hazard:

...Ingestion of these pathogens by drinking polluted
water or by eating raw or partially cooked shellfish
grown in these waters can cause gastrointestinal
diseases such as typhoid fever, dysentery and diarrhea.
The infectious hepatitis virus, as well as other enteric
viruses, may alsc be present, Body contact with water
polluted by bacteria can alsc cause eye, ear, nose,
throat or skin infections. Therefore bacterial pollu-
tion presents a health hazard, not only to those who
come in contact with pelluted waters, but alsc to those
whe may eat shellfish taken from the waters.

Finally, nuiaients in the water provide a food source for plants
and phytoplankton which, when overly abundant, can seriously re-
duce the dissolved oxygen content of the water. The Massachusetts
water quality classifications as a function of these and other
primary indicators are shown in Table 5.2. These classifications
provide the basis for the water gquality goals that have been es-
tablished for Boston Harbor by the Massachusetts Division of



Note:

Source:

Coliform bacteria
{per 100 mil)

Sludge deposits--
solid refuse,
floating sclids,
0il, grease,
scum

Dissolved oxygen
(ml}

Total phosphate
{ml})

Ammonia nitrogen
{ml)}

CLASS SA

Not to exceed a
median value of
70 and not more
than 10% of the
samples shall
ordinarily ex-
ceed 230 during
any monthly
period

None allowable

less than
at any time

Not
any

Mot
0.2
sampling period

Water Quality

CLASS SB

Not to exceed
a median value
of 700 and

not more than
10% of the
samples shall
ordinarily ex-
ceed 2300
during any
monthly period

None allowable

Not less than
5.0 at any
time

to exceed an average of
as N for any monthly

CLASS 5¢
None in such
concentra-
tions that
would impair
any usages
specifically
assigned to
this class

None except
that amount
that may
result from a
waste treat-
ment facility
with appro~
priate treat-
ment

Not less than
3.0 at any
time. Not
less than 5.0
during at
least 16 hrs
of any 24-hr
period

to exceed an average of 0.07 as P during
monthly sampling period

Not to exceed
an average of
1.0 as N for
any monthly
sampling
period

In addition to the above standards, the waters shall

be substantially free of pollutants that will 1} unduly
affect the composition or physical or chemical nature

of bottom fauna; 2) interfere with the spawning of fish
or their eggs.

Commonwealth of Massachusetts, Water Resources

Commission, "Water Quality Standards," 1968.

Table 5.2 Massachusetts Water Quality Standards
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Water Poplluticn Ceontrol, as shown in Figure 5.2.

As of the summer of 1967, the actual water classifications
and average coliform bacteria counts in the harbor were as shown
in Figure 5.3, Comparison of this information with the water
quality standards for bacteria indicates that the harbor had been
grossly polluted. Water quality tests conducted in 1967 by the
Federal Water Pollution Control Administration yielded the fol-

lowing results:
- With regard to cofijonm bacterdia:

.. .CxCessive counts of coliform were found. Total
coliform counts as great as 520,000 per 100 ml were
found in the Inner Harbor Area. In general, very
high counts were found in the northern portions of
the harbor, while Quiney, Hingham and Hull Bays in
the southern portion would probably meet Class SB
water gquality criteria for bacteria...

- With regard to dissofved oxiygen:

-..0of the eighteen stations sampled during July and
August of 1967, only six met the Class 5C standard.
Furthermore, only two stations met the tentative
recommendations of the National Technical Advisory
Committee, that "Dissolved oxygen concentrations in
estuaries and tidal tributaries shall not be less than
4.0 mg/l, at any time or place...for protection of
marine resources.", ... Excessive phytoplankton acti-
vity is suggested by the wide fluctuation of dissolved
oxygen during the latter portion of the 1967 survey.?

- With regard to poliution by oxygen-demanding, chgande
maties (primarily in sludge):

...All reaches of Boston Harbor and each of jts
tributary streams, except the inland marine reaches
of the Weir and Weymouth Back Rivers, were polluted.
Based upon the biclogical conditions about seven
square miles, or 30 percent of the Harbor, were
grossly pelluted. Chemical analysis of harbor sedi-
ments for carbon and nitrogen support the bislogical
findings of organic enrichment. Extensive deposits,
some greater than three feet deep, of decaying organic
matter and incorporated oily residues covered much
of the Harbor.B
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— With regard to nutiicnts:

...The average values of ammonia nitrogen and soluble
phosphorous were equal to or greater than 100 and 40
micreograms per liter, respectively, in all arecas of
Boston Harbor inland from its mouth near Masschusetts
Bay. Such high concentrations of nutrients caused
overly enriched corditions that stimulated dense
populations of phytoplankton which exceeded 1,000 per
milliliter in about sixtcen sguare miles, or 6% percent
of the Harbor....In addition to causing excessive
phytoplankten populations, the nutrients stimulated
dense growthe of attached marine plants...on most
buoys, pilers, and marine facilities. Several intertidal
and shallow areas of the harbor and certain reaches of
Winthrop Bay supported dense growths of attached marine
algae., These caused noxious odors in Winthreop Ray,
unsightly growths at marinre facilities and increased
maintenance costs associated with buoys and piers.

In Winthrop Bay, decomposing masses of sea lettuce

have caused hydrogen sulfide emissions sufficiont to
discolor paint on nearby dwellings.9

As a direct result of this high degree of pollution in the harbor,
by 2pril of 1968 €0 percent of the shellfishing acres had been
clesed, while another 29 percent were restricted. In addition,
many city beaches had been closed as a result of the health
hazard presented by the high pathogenic bacteria levels. Boston
Harbor, at this point in time, was little more than a cesspool,
Serving as the terminus of the Boston sewer system. Raw sewage
was being discharged at both Deer Island and Moon Island as well
as by combined storm and sewer overflows.

Sewage-like solids, other assorted rejectamenta, and

oily slicks also were observed in the surface waters of

most portions of Boston Harbor. Such materials were

ubundant near the Deer Island sewer outfalls at the

mocuth of Boston Harbor, near Moon Island, the north end

of Long Island (Nut Island sludge outfall} and the in-
land reach of Quincy Bay.l0

The condition of the harbor was, in short, extraordinarily bad!

In May of 1968, the long-awaited Deer Island treamcnt plant
went into operation. This had been seen as a major weapon in the
fight against harbor pollution, as indicated by the following

headlines in a local newspaper in December of 1567:
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HARBOR POLLUTION: A RAY OF HOPE

Every day, Boston and the MDC still pump 350 million

gallons of raw sewage into Boston Harber. But it looks

now as though this he?}th threat may be eliminated as

early as next summer,
Unfortunately, such optimism proved to be premature. During the
summer of 1968, further water quality tests by the Federal Water
Pollution Contrel Administrationl2 indicated that, while there
were some notable improvements in the coliform counts in some
areas, the majority of the harbor (particularly the outer por-
tions) was still severely polluted. The average coliform counts
for the water in this period are shown in Figure 5.4. Comparison
with the 1967 results in Figure 5.3 show that little or no net
improvement had taken place:

.+.The average coliform densities during the summer of

1968 were about the same or, in some areas, significantly

more than the preceding summer. Quincy Bay, however,

showed an improvement in water guality over 1967, and

met the standard for "SA™ classification...insofar as
the coliform density is concerned.

...The waters adjacent to the outfalls of Deer Island

may be described as polluted even when the sewage efflu-

ent was chlorinated. This unquestionably was due to the

limited chlorinatipn capacity of the Deer Island and Nut

Island facilities.
This data clearly indicates that, while the water gquality remained
marginally good for recreational purposes in some bays and town
harbors, no #eaf phrogress had been made towards bringing about
the stated water-quality goals. Figure 5.5 shows that the north-
ern and central portions of the harbor continued to violate the
standards approved by the state. Yet, as can be seen from the
figure, many of the recreaticnally-valuable islands are located

within this region.

Today, the pollution situation in Boston Harbor remains much
the same as it was in 1968. During 1969, both the Deer Island
and Nut Island treatment plants began year-round chlorination

of ligquid effluents at substantially higher dosage rates. This
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brought about a noticeable improvement in some portions of Winthrop
Harbor, where six pollution-closed beaches were reopened and

two prohibited shellfish areas were reactivated on a restricted
basis. However, in most other portions of the outer harbor

in the vicinity of the islands, shellfishing is still restricted

and the water continues to be unfit for most recreational activities.
This points out that the most pressing task is yet to be confronted
successfully--that of achieving the water-guality goal of Class

5B for the outer harbor so that the recreational potential of

this regien can be fully realized.

2. The Sources of Pollution in Boston Harbor

The major contributing factors which have led to the degrad-

ation of the water gquality in Beoston Harbor are as follows:

1) Treated municipal sewage
2) Sludge

3) Combined sewer overflows
4} Raw sewage outlets

5) il spillage

6) Palluted tributary streams

7} Refuse and debris

8} Waste from ships and pleasure hoats
9} Federal facility discharges

Treated Mundicdipal Wasfes

The single greatest contribution to the pelluticon in Boston
Harbor comes from the overflow or discharge of raw and partially-
treated sewage from the two major sewage systems operated by the
Metropolitan District Commission (MDC)., The harbor serves nearly
two million people as the terminus of their sewer system. A total
of 460 million galleons per day (mgd) of treated sewage is dis~
charged into the Harbor, most of which comes from the MDC's Deer
Island (350 mgd) and Nut Island {110 mgd) treatment plants.14
The sludge and sewage outfalls from these facilities are as indi-
cated in Figures 5.3 and 5.4.
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Studge

Sludge consists of semiliquid sewage wastes, grease, oil,
tar, sand, gravel, and other diverse solids that are mechanically
separated from raw sewage and which decompose slowly on the ocean
bottom and tend to accumulate through the years. Sludge contri-
butes to the depletion of dissolved oxygen, can severely disturb
bottom fauna, and causes unsightly slicks when carried to the
surface. It is known that much of the Boston Harbor bottom is
covered by a three-foot-thick layer of sludge.

Combined Sewexr Ovexflows

Raw sewage is often dumped directly into the harbor from mal-
functioning or overflowing combined sewer systems which are de-
signed to carry normal dry-weather flows to the treatment plants
but which overflow into the harbor during storm conditieons. 1In
Boston, there are over 200 relief points, more than 90 of which
flow directly to the harbor. Data from a report by Camp, Dresser
and McKeel5 shows that nearly fifty percent of the combined storm
sewers in the Roston area discharged either most or all of the
time in 1967,

Raw Sewage Qutfets

Raw sewage is discharged illegally from some shoreline
structures, while the Town of Hull continues the practice of
dumping untreated municipal wastes into the harbor. The Moon
Island facility of the City of Boston has only recently ceased
operations of this sort.
04L Spiflage

Occasional oil spillage occurs during 0il transfers, especi-
ally at terminals on the Chelsea River. Moderate amount of oil
sometimes persist in remote sections of the harbor for consider-
able time periods. The inner harbor is persistently coated with
an oily film that affects both the passage of sunlight and oxygen

through the air-water interface.
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Potfuted Tributary Stkheams

Polluted rivers are a major source of pollution to the
Boston Harbor area. Many industries and cities use rivers as
sewage disposal systems, while malfunctioning combined sewers are
abundant. The most severe contributors are the Charles, Neponset
and Mystic Rivers, with Chelsea and Weymouth Fore Rivers not far
behind. The worst pollution in the entire harbor is at the mouth

of the Charles River in the inner harbor.
Other Conthibutors

Less major pollution sources include: federal installations,
the Boston Naval Shipyard, the South Boston Naval Annex, the Navy
vessels berthed in the harbor, the Boston Coast Guard Base, the
Nike Ajax site in Hull, watercraft wastes including the dangercus
(because of its long decomposition time and poiscnous nature) oil
and tar spills or discharges, and debris and refuse from shore-

line demolition.

IV. APPROACHING THE PROBLEM OF CLEANTNG UP BOSTON HARBOR

Many of the benefits of cleaning up Boston Harbor are hard
to assess in monetary terms, such as increased esthetic enjoyment,
reduced stress on marine ecology, and especially the value of
expanded recreational opportunities for metropolitan residents.
About the only reliable estimate of benefits concerns shell-
fishing, where, in terms of economic value to the food industry,
the maximum annual loss in Boston Harbor is believed to be appro-

ximately 1.3 million dollars.16

While it may be possible to esti-
mate the monetary equivalence of less boat maintenance or in-
creased swimming and sport fishing (based on the hourly wage or
some similar measure), such estimates are tenuous at best. The
most important sociological value of shoreline recreatichal re-
sources, now and in the future, belies description in guantita-
tive terms. Consequently, one is faced with difficult tradeoff
decisions regarding the allocation of coastal zone resources

among competing uses,
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In the case of Boston Harbor, however, such guestions are
academic since the decisions concerning the future use of the
Boston Harbeor islands have already been made within the political
process. The City of Boston, the Metropolitan District Commis-—
sion, the Metropelitan Area Planning Council of the Massachusetts
Department of Natural Rescurces, the New England River Basins
Commission, and the Federal Water Quality Administration have all
recognized the pressing need to clean up the harbor so that it
can be used to its fullest potential as a recreational resource.
The Massachusetts legislature has authorized the purchase of all
the privately-owned islands in the harbor, to be developed specifi-
cally for the purposes of recreation and conservation. The
intent is clear and the direction has been established. The
task at hand is to find some means of bringing about the stated
water-quality goals for the harbor that expends resources in
the most economically efficient way. We will address ourselves

te a particular segment of this task in the remaining secticns.

1. what Has Been Dona?

Since the April 30, 1969 conference on pollution of the
navigable waters of Boston Harbor,l7 some progress has been made
toward achieving the water-quality goals. This progress has re-
cently been reported by the New England River Basins Commission.18

The most substantive elements of progress to date are as follows:

1) A plan of study to ensure coordination of plan formu-

lation among participating agencies has been developed;

2) The consulting engineering firm of Hydroscience, Inc.,
has been engaged to develop a mathematical water—quality model
and make recommendations for improving the harbor's water quality;

3} Assorted incremental improvements have been carried
out including: improved operational efficiency at the Deer
Island treatment plant; tidegate repair by the City of Boston:
a stormwater detention facility on the Charles River; an oil boom
across the Chelsea Creek: debris collection by the Corps of
Engineers; and new legislation controlling pollution from water-

craft,
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These are all certainly steps in the right direction. The
next step is to determine in which areas we should focus our

future efforts to obtain the most productive results.

2. wWhere Do We Go from Here?

By far the greatest amount of ocean pollution in Boston Har-
bor results from municipal sewage disposal. For most cities
along ocean fronts the combination of raw, combined overflow, and
incompletely-treated sewage accounts for about 60 to 75 percent19
of the overall problem. Even treated wastes contain large
amounts of plant nutrients and harmful bacteria, much of which is
contained in the sludge by-product of the treatment process.

Some recent observaticons by the New England River BRasins Commis-
sion of an interim consultants' report on harhor water guality

place primary emphasis on these factors:20

...The bacterial pollution caused by combined sewer

overflows and the inflow of tributary streams to the
Harbor will continue teo inpair water guality unless

remedial action is secured.

oo .The Zreated waste and sfudge dischatge of fhe MPC's

Deen Tsland and Nut Tsland waste treatment planls anc

{mportant deferamindng factons in flie eahancement of

water quality Levels achieved in the Hanbon.
The problem arca of combined sewer overflows was studied extensively
in a 1967 report21 by the consulting engineering firm of Camp,
Dresser, and McKee, which recommended that the least costly
alternative for collecting and disposing of overflows of mixed
sewage and stormwater was a Deep Tunnel Plan. Such a plan would
provide an effective (albelt costly} long-term solution to this
important ceomponent of the overall pollution problem. Since
this proposal has been well developed, we have chosen to concen-
trate our efforts on the second problem area--the effects of
municipal waste treatment facilities--with a focus on the problem
of sludge handling and disposal.
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V. MUNICIPAL WASTES AND THE PROBLEM OF SLUDGE

1. Treatment of Municipal Waste522

The overall purpose of waste treatment is to remove or re-
duce the oxygen-demanding materials, bacteria, plant nutrients,
and suspended solids contained in sewage. Conventicnal municipal
waste treatment processes are usually broken down into two gene-
ral categories: primary and secondary. Both processes begin by
dividing the sewage into two components: sfudge and £lqudid ef4fu-
ent {waste water). This is accomplished through mechanical separa-
tion of grease, oil, tar, sand, gravel, and other solid wastes
from sewage through processes such as screening, grinding, scum
removal, and sedimentation. The aggregate of these settleable
solids becomes part of what is called padmary sludge, a semiliguid
containing 0.5 to 5% solids. With primary treatment, the sludge
undergoes bacterial digestion teo reduce organic compounds to more
stable forms, while the liguid effluent is chlorinated teo kill
harmful bacteria, Secondary treatment, when used, exposes only
the clarified waste water from the primary process to microorga-
nisms which carry out in a controlled fashion the degradation
process that breaks down organic matter in nature. This process
generates secondary or biological sludge. The combined sludges
must then be treated and dispcsed of, and how this is done has an

important effect on the quality of receiving waters.

If sludge disposal is carried cut properly, the primary and
secondary treatments provide removal efficiencies as shown in
Table 5.3. This table shows that a properly operated primary
treatment facility is capable of removing 35 percent of the oxy-
gen-demanding materials, while the addition of secondary treatment
can increase this to 90 percent. However, the disposal of digestec
sludge thapugh dinect dischange into neceiving waters greatly
neduces the overall effectivencss of the treatment plant in he-
moving bacteria and oxggen-demanding materials, and conrsiderably
negates whatever nuiadient nemeval thene might otherwise be. The

importance of this factor has been emphasized by the Federal
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Water Pollution Control Administration:

Water Quality

SEWAGE COMPONENT REMOVAL EFFICIENCY
Primary Secondary

Biochemical Oxygen-Demanding

Materials 35% 90%
Suspended Solids 60% 90%
Nitrogen 20% S50%
Phosphorous 10% 30%
Dissolved Minerals - 5%
Refractory Organic Materials 20% 60%

Scurce: L. W. Weinberger, et al., "Sclving Our
Water Problems--Water Renovaticn and Reuse,”
in Annals of the New York Academy of Sciences

136, axt. 5, I3I1(1966).

Table 5.3 Removal Efficiency of Treatment Processes

23

Sewage treatment in a properly designed and operated
primary treatment facility is capable of removing 30

to 35 percent of the oxygen-demanding materials.
However, unless the nutrients present in waste dis-
charges are also removed, phytoplankton activity, such
as that occurring in Boston Harbor, will produce oxygen
depletions that will continue to endanger the aquatic
life of the harbor. Adequate secondary treatment of
sewage can reduce the nutrient content of the waste
discharge and is capable of removing from 85 to 95
percent of the organic matter and greatly reducing

the coliform bacteria. Disposal of the digested sludge
into the receiving waters increases the amount of nutri-
ents and oxygen-demanding materials in those waters and
reduces the overall efficiency of primary or secondary
treatment facilities,

The Federal Government has not granted funds to the MDC
for construction of the Deer Island sewage treatment
facility because of the MDC method used for the dis-
charge of sludge,

This points to the importance of focusing on the sludge component

of the treatment process, especially in instances where only pri-

mary treatment is used, as is the case with both the Deer Island
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and Nut Island facilities in Boston Harbor.

2. Sludge

Sludge handling and disposal play a major role in the effec-
tive treatment of municipal wastes to minimize water pollution.
This role has been described by the American Chemical Society:24

Handling and disposing of sludges is the single most

troublgsome aspect of waste water treatment today.

Often it accounts for 25 to 50% of the capital and

operating costs of a treatment plant, By 1980 the vol-

ume of sludge requiring treatment will have growh an es-

timated 60 to 75%, and the increasing costs of labor and

land that can be used for ultimate disposal will have
rendered the situation even more difficult.

The primary objectives of sludge treatment are: 1) destrue-
tion of harmful organisms; 2} separation of solids and liquids to
reduce volume; and 3) conversion of organic matter to a relatively
stable form. To accomplish these, five method325 are commonly
used:

1} Concentration to initially separate the solids and

liquids, usually through sedimentation or flotationjy

2} Digesticn by bacteria to decompose organic selids to

more stable forms; also to reduce volume of sludge;

3 Dewaterning to reduce the sludge to nenfluid form by

drying on sand beds or vacuum filtration;

4) Heat daging on {ncineration to again reduce sludge

volume (by removing water) and to sterilize organic solids;
5) Finaf disposal on land, or in specially-prepared lagoons.

Of these methods, the American Chemical Society has stated that
*anaerobic digestion, followed by dewatering of the digested
sludge on sand beds and disposal as landfill or s0il conditioner,
remains a cheap and simple solution to the sludge processing

w26  come treatment facilities have tried to heat-dry

problem.
sludge and sell it as fertilizer or soil conditioner, but the

practice is uneconomical cempared to landfill or incineration.
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Heat-drying costs more than incineration, and limited

demand for the product has made it difficult toc get a

high enough return to offset the increased cost...gene—

rally the process is considered uneconomical.
The soclety reports that disposal through combustion has substan-
tial potential in that is seems likely to be able to cope with
all of the sludge disposal problems of the future. In fact, two
out of three cf the most common waste treatment processes being
utilized by new treatment plants in the U.S5. involve some form of

. 28
thermal disposal. These most common processes are:

1) Dewater digested sludge mechanically and use it for
landfill;

23 Dewater digested sludge mechanically and dispose of it

by thermal means, such as incineration:

n Dewater raw sludge mechanically and dispose of it by

thermal means.

All of the sludge-handling processes discussed here reflect
a common aversion to using natural water bodies as receptacles
for sludge. We can understand the reason for this by looking
at some of the relative statistics for digested sludge and effluent
sewage (liquids) at the Deer Island and Nut Island treatment
plants in Boston, as shown in Table 5.4. Note that, although
the volume of digested sfudge {8 very smald compaked to fhe
vobume of cffluent rewage, celdiform bactenda are present in
extremely high concentrations, even highexn than the bacfexial
centent of the totad Lnceming sewage. This happens because
the digestion tanks provide an ideal environment for the growth
of bacteria. The operation of the digesters is based on the
exposure of organic compounds in sewage to anaerobic bacteria
that reduce these compounds to a more stable form through biochemi-
cal decomposition. The temperature is maintained at about 95°F
and is conducive to the growth of both the anaerobic and the
coliform bacteria. Hence, the concentration of coliforms in
the outgoing digested sludge may well be greater than that in

the Incoming raw sludge!
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CATEGORY

Total liquid effluent flow to
harbor (million gallons per yr)

Total sludge added to digesters
{million gallons/million
dry lbs per year)

Digested sludge withdrawn to
harbor (million galions/million
dry lbs per year)

Approximate coliform concentra-
tion of total influent
{thousands per 100 milliliters)

Average coliform concentration
of chloninated £iguid effluent
{thousands per 100 milliliters

Average coliform concentration
of digested sfudge withdrawn
to harbor {(thousands per 100
milliliters)

Maximum ¢oliform concentration
of digested sludge withdrawn to
harbor (thousands per 100
milliliters}

DEER ISLAND

109,123

91.9/62.1

94.8/44.8

100,000~

200,000

1.0

(not
measured)

(not
measured)

265

NUT ISLAND
45,548
103.6/44.5
100.01/21.52
100,000~

200,000

~2.0

360,000°

700,000

1. Estimate based on approximate 1:1 ratic of digester
inflow to digester outflow

2. Estimate based on reported remecval efficiency cof

s0lids--51.7 percent

3. Based on Federal Water Pollution Contrel Adminig-
tration measurements, summer, 1968: see reference

12, p. 52

Source: Metropolitan District Commission Sewerage
Division, Fifty-First Annual Report for Fiscal
Year Ending June 30, 1970.

Table 5.4 Sewage and Sludge Statistics for Boston
Harbor: 196%-1970
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Another very significant point to be made about the bacterial
content of sewage outfall concerns its expected lifetime. Coli-~
forms and pathogens contained in liguid effluents survive well
in fresh water, but their salt-water lifetime is markedly lower.
Such is not the case, however, with the bacteria in digested
sludge. The digestion tanks are effectively a high salt culture
medium due to the leakage of sea water into the main sewage net-
work. Bacteria in this culture can then mutate by a process of
natural selection, making them better able to survive in a salt
environment, i.e., the ccean. Consequently, unlike their counter-
parts in the effluent liquids which have a relatively short salt-
water lifetime, the bacteria in digested sludge are more sturdy

in this regard.

In addition to being a source of bacteria, recall that di-
gested sludge can contribute to the degradation of receiving
waters in a number of other ways. These wastes, even after diges-
tion, contain significant amounts of oxygen-demanding materials
and plant nutrients. The nutrients contribute to the excessive
phytoplankton and other marine growth in many portions of the
harbor. Finally, sludge that settles to the bottom of the harbor
can have severe long-term effects on the ecology of fauna on the
ocean fleoor. We should note in this regard that no sludge whatso-
ever is allowable in Class SA and SB waters.

The discussion up tc this point has been intended to provide
a background of useful information with regard to waste treatment
and sludge disposal., We are now prepared to focus attention on
the technigues employed by the Deer Island and Nut Island facili-
ties in Boston and the effect that these plants have on the water
guality in the harbor.

3. Waste Treatment and Sludge Handling in Boston

We have already noted that the Metropelitan District Commisg-
sion (MDC) operates two major treatment plants in Boston Harbor,
one each at Deer Island and Nut TIsland respectively. Both of
these facilities use primary treatment of raw sewage. The treat—

ment processes begin with coarse screening and grit removal,
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pre-chlorinaticn, and pre-aeration of the influent sewage.

The waste is then pumped intc sedimentation tanks at the main
plants where raw sludge and scum are separated from the liguid
effluent. Prior to the beginning of operations of the Deer
Island plant in 1968, this raw sewage was being pumped dirsctly
into the harbor,

After sedimentation, the fi{quid efffucnt is subjected to in-
tensive chleorination to destroy harmful bacteria. Chlorine usage
of 10.5 parts per million for about 20 minutes has been extremely
effective in reducing the coliform concentrations of these waste
waters, as the data in Table 5.4 indicate. After chlorination,
the effluent liquid is discharged directly into the harbor at
both Deer and Nut Islands.

Raw sfudge, having been separated from the liguid effluent
in the sedimentation tanks, is thickened and then subjected to
anaerchic digestion for approximately three weeks. There {4 #o
dineet chforination of the digested sfudge. At Deer Island, the
sludge is diverted after digestion back into the main outfall
pipes where it comes intc contact with the chlorinated liquid ef-
fluent for approximately 10 minutes before reaching the harbor
waters. This serves to kill some of the bacteria present in the
sludge, buz probably not a significant amount sdnce the chlorine
residual in the efffuent Liguid {s (at the point of sludge addi-
tion) onby about one part per mifficn and the exposure Lime L4
onfy £0 minutes. No other disinfection of the sludge takes
place. At Nut Island, the digested sludge is not even exposed to
chlorinated effluent--it is discharged through a separate pipe
approximately four miles out into the harbor. The outfall (with
a coliform density of -300 million per 100 ml) is just beyond

Long Island, as c¢an be seen in Figure 5.4.

At both Deer Island and Nut Island, .sludge is discharged for
approximately four hours a day, and only on the outgoing tides.
However, this by no means assures that the sludge is carried out
to sea, since the mean tidal excursion in Boston Harbor is on the

order of six miles. Hence, the sludge is carried in and out of
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the harbor by the tides until it is diluted or settles on the

harhor floor.

It is interesting to note that the combined sludge outfalls
of the Deer Island and Nut Island treatment plants, rich in coli-
form bactcria nutrient and oxygen-demanding material, form a
"eross fire" of sorts on the central portion of the harber where
mest of the islands are located. As we saw in Figure 5.4, it is
this very portion of the harbor that is well below the water-
quality standards for bacteria that would allow the islands to be
fully wused for sorely-needed recreational purposes. This points
to the importance of determining how much of a contribution the
discharge of digested sludge actually makes to the bacterial

pellution in that section of the harbor.

Certainly there are a number of complex facteors in addition
to sludge that contribute to the bacterial pollutien of the har-
bor, including combined sewer overflows and contaminated tribu-
tary streams such as the Charles River. Determining the relative
magnitudes of these contributing factors is a difficult task re-
gquiring the development of a dynamic model to show the influences
of winds, tides, ocean currents, and other factors that determine
the extent of pollution in the harbor. Since such a model was not
available at the time of this investigation, we cannot state with
absolute confidence the role that sludge disposal plays in the
bacterial degradation of Boston Harbor. However, we can point
to some data that seem to suggest that sludge does in fact exert

a major influence.

4. The Case Against Sludge

We have previously noted in comparing the coliform counts of
the summers of 1967 and 1968 that the bacteria levels in the har-
bor showed little or no net change over that peried. This is
illustrated in Table 5.5 by data for selected stations in the
northern part of the harbor, as shown in Figure 5.6. While some
stations show an improvement in water gquality, others show a
marked degradation, even though the Deer Island treatment plant

had been in operation since May 1968. In its 1969 report the
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STATIONl COLIFORM DENSITY (#/100 ml)
Summer '672 Summer '682 September '682
Toaly, Eugl) (3. Jul. Aug. Sep.)
1968
BA 47,000 17,000 26,300
BH-26 - 270,000 342,800
BH-27 66,000 76,000 145,900
BE-28 - 14,000 25,300
BH~-29 - 6,200 12,000
BH~-30 - 13,000 17,700
BH-11 65,000 46,000 43,800
BH-32 - 43,000 71,200
BH-33 - 61,000 117,500
BH-24 - 45,000 80,300
BH-35 - 314,000 61,000
BH-36 31,000 3%,000 48,200
BH-37 - 20,000 30,000

1) During the summer of 1868, samples were taken at many more
locations than during the summer of 1967. The data shown
for 1967 are from stations identical te or in close proxi-
mity to the 196B stations.

2) Data taken during monthly sampling periads is averaged
over complete tidal variations, usually for a peried of
three days.

Source: Same as Table 5.4.

Table 5.5 Average Coliform Densities for Selected Sampling
Stations--Summer 1967 and 19568

Federal Water Pollution Control Administration attributed this to
the "limited chlorination capacity" of the Deer Island plant,
since chlorination during the first two months of the summer of
1968 was intermittent. However, by August 13, water samples taken
by the FWPCA indicated that coliform densities in the Liguid e4f-
{fuenis had been reduced to an average of 35,000 per 100 ml.
These waste waters comprise 99.9 percent of the total sewage
which, prior to the operation of the plant, had been dumped di-
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rectly into the harbor, with a coliform density of about 175
miffion per 100 ml. It seems strange indeed that even though the
coliform density in 99.9 percent of the sewage had been reduced
by a factor of five fhousand or so, the bacterial levels in the
waters directly off Deer Island had still not shown any consis-
tent improvement as of late September 1968. It seems illogical
to suspect that further chlorination of the liquid effluent is
what is needed to improve the quality of the receiving waters;
even if the coliforms were brought down to 1060 per 100 ml,

this is still only a factor of 35 redvction as compared to 5000
previously. This leads us to suspect that the preblem is lo-
cated elsewhere, in the other 0.1 percent of the sewage discharge,
i.e,, unchlorinatfed sfudge. Offhand, this seems consistent with
the possibility that the bacteriaz in sludge are much better able
to survive in salt water than their counterparts in the liquid
effluent.

Examination of Table 5.5 reveals another very interesting
point. The coliform densities at every station but one in the
northern part of the harbor showed a substantial {nchease be-
tween the summer averages and the September averages, even though
effective chlonination had been achieved in eaxfy August. During
the earlier months of the summer (June, July), only 50 percent of
the incoming raw sludge had been dumped into the harbor as proper
digestion startup was being attempted. However, beginning in
Aougust, aff sludge was again discharged intoc the harbor, having
been digested at the treatment plant. Even though the discharge
was on the outgoing tide, the coliform levels measured on Septem-
ber 24, 25, and 26 still showed a marked increase over the summer
average, even though the high September data was included in
those averages. This again poinfs fo sfudge as a primary source
of colifonms {in the harborn. To substantiate this, we can go a
step further and examine in more detail the events surrounding

5ludge disposal during the summer of 1968.

The FWPCA report of 1969 includes a chronology29 of sludge
disposal events for the Deer Island treatment plant, beginning
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on May 1%, 1968 with the commencement of operations of the plant
and running through to the last week of September 1968. The
report also provides30 coliform counts for a number of sampling
stations in the harbor, taken at various intervals throughout

the summer. In Table 5.6, we relate the chronology of events

at Deer Island teo coliform counts at twoe sampling stations in the
northern portion of the harbor--one in Winthrop Bay (BA) and one
in Dorchester Bay (BR). There seems to be a consistent correla-
tion between the discharge of sludge (whether raw or digested)
and the bacterial levels at the stations noted. BRased on these

events we can make the following observations:

1} buring the first few weeks of plant startup in May
1968, no sludge was being dumped into the harbor as the digestion
tanks began to fill up. HNear the end of May, significant reduc-

tions in cecliform densities were noted.

2} Beginning on June 1 and running until August B8, vary-
ing amounts ¢of raw sludge were discharged into the harbor while
the facility was trying to effect proper sludge digestion. This
appeared to have a 4apid and subsfantial effect on the degrada-

tion of the water guality, as measured on August 8.

3} Beginning on August 9, no raw sludge was disposed to
sea as the No. 3 digester filled up. After only one week or so.,
coliform levels had again been drastically reduced.

4} Beginning on September 10, digested sludge was emptied
into the harbor on the outgoing tides. Two weeks later during
the sampling period, bacterial counts were back up to the high
level of August B.

These results again seem to indicate a strong correlaticon between
the dumping of sludge and the bacterial pollution of the receiving

waters.

Perhaps we can shed some more light on this situnation with a
rough calculation. We have previously noted that the volume of
effluent liguids discharged annually from Deer Island is about

1,000 times the volume of digested sludge dumped into the harker.
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SAMPLING DATE/EVENT AVERAGE TOTAL COLIFORMS (#/100 ml)
2
station BA" Station BB
July-August 1267; raw 47,000 19,000
sewage discharged into
harhor
May 21-23, 1968; no sludge 2,500 610

dispesal to harbor since
May 15, when plant went
into operation

July 23-25, July 30-dug. 1, 7,700 1,030
1968;: 50% raw siudge dis-
posal to harbor since June 1

Aug. 6-8, 1968; 100% raw 21,300 6,810
sludge disposal to harbor
since Aug. 1

aug, 13-15, 1968; no raw 1,540 {not giwven)
disposal to sea since

Aug. 9; chlorinated liguid

effluent discharge 8 35,800

coliforms per 100 ml

Sept. 24-26, 1968; digested 26,300 {not given}
sludge emptied to harbor

on outgoing tide since

Sept. 10; continue chlori-

nated liquid effluent dis-

charge

lStation BA is located at the Deer Island flats near
Bucy "C-3."

2Station BE is located in Dorchester Bay between
Buoys "3" and "N-4."

Source: U.S. Department of the Interior, Federal Water
Pollution Control Administration, Proceedings--
Conference in the Matter of Pollution of the
Navigable Waters Of Boston Harbor and Its
Tributaries, May 1968-April 196%2.

Table 5.6 Chronology of Sludge Disposal Events at Deer Island
and Coliform Counts in Boston Harbor, Summer 1968
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Hence, to get an indication of the relative contributicns of
these two scources to the total bacteria counts, we should compare
100 ml of sludge to 100,000 ml of effluent liguids. Based on the
1968 data of Table 5.4, there were about 360 millicn coliforms in
100 ml of digested sludge, while there were about 35 million
coliforms in 100,000 ml of effluent ligquids {(after chlorination
at 1968 congentrations}. Therefore, in terms of yearly output,
the digested sludge contributed approximately !0 times as many
coliforms to the harbor as did the effluent liquid! This ratie
becomes even more pronounced when we consider that increased
chlorine dosages in 1969 decrecased the coliform count of the ef-
fluent liquids to approximately 1 million per 100,000 ml, Assu-
ming that the increased chlorine residual also reduces the coli-
form density in the sludge {(due to contact with the effluent
liguid before discharge) to about 200 million per 100 ml, then
the contribution ratio becomes 20¢ f¢ !. Even this is very con-
servative since 1) there is poor mixing and nonuniform contact
between the digested sludge and the chlorine residual in the com-
bined outfall pipes, and 2) we have assumed that 1 ppm of chlor-
ine could kill nearly 50 percent of the total bacteria. We
should alse keep <n mind that studge disposal from Deen Tsfand is
onfy halg the problem--an cquivalent amount of sfudge is also
dischanged {n the same genenad anrea of the noathenn hatbeh by the
Nut Istand plant, and this sfudge has not even been partially cx-
posed to any chfurdinated efffuent. Thus the combined effect
could be that sludge contributes anywhere from 400 to 600 times
the number of coliforms contained in the effluent liquids!

These results lend additional support to the suggesticon that
the disposal of digested sludge is a major contributing factor in
the degradation of water guality in Boston Harbor. In the light
of the arguments made in the preceding paragraphs, it would be
interesting to look at one final event regarding the operation of
the Decr Island plant. Beginning on May 1, 1%69, increased chlo-
rination of the liquid effluent reduced the average coliform den-
sities from 35,000 to 1,000 per 100 ml. This also increased the
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chlorine residual in the liquids to a steady 1 ppm. Subsequent
to this activity, the bacterial levels in Winthrop Bay showed a
marked improvement, allowing the reopening of a number of beaches
and shellfishing areas. While this has been attributed to the
reduction of bacterial density in the effluent liquids, such an
explanation seems unlikely in the light of cur previous discus-
sion. Rather, we feef that the {mprovement was probably due %o
the exposure of the digested sfudge--zich in colifoam bactendia--Zo
the increased chlondine residual in the Liguid eff{fuent at the
point where the twe ffows come together. This seems a reasonable
assertion especially since it is likely that the chlorine concen-—
tration has a nonlinear relationship to the amount of bacteria
kiiled, i.e., the first ppm added provide much more disinfection
than the last. Hence, raising the chleorine residual from prac-
tically nothing to 1 ppm could bhring about a significant reduc-
tion in the bacteria contained in the digested sludge.

None of the arguments that have been made here are conclu-
sive in themselves since we have had access to a limited amount
of data and other informational rescurces. Taken together, how-
ever, the indications that sludge is a2 majer contributing fac-
tor to the bacterial degradaticn of Boston Harbor are much too
strong to be ignored. Certainly a much more detailed analysis
will be required before the true nature of this problem can be
fully understood. Such analysis must determine the biclogical
characteristics of the bacteria in digested sludge, the relation-
ship between chlorine usage and effluent disinfecticn, the dy-
namic behavior of these bacteria in the salt-water harbor, and
the contribution that sludge makes relative t¢o other sources
such as sewer overflows and polluted tributaries., I{ fhe sugges-
tions we have made are proven corhect, then L€ L& of primary
impoatance that the dumping of digested sfudge inte the harbon
must be discontinued if the water-quality geals ane fo be met
within the foresceable futune!

In the next section, we will evaluate in a preliminary way

some possible alternatives to harbor dumping.
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VI. SOME POSSIBLE SOLUTIGCHS

As a first step in finding a suitable disposal scheme for
digested sludge which avoids dumping in the harbor, we have
locked at preliminary cost estimates for four alternative propo-

sals:
1) Pipe undried sludge to some landfull area (-20 miles)
2) Barge the undried sludge farther out to sea (.15 miles)
3} Pipe undried sludge farther out to sea (~10 miles)
1) Dry and store sludge at Deer Island

The first plan would transfer Nut Island sludge to Deer
Island and then the combined undried sludge would be piped to
some landfill area 20 miles away. The primary difficulty with
this plan is finding a suitable landfill site (at a feasible
cost} in a tight metropolitan land market. Also, the undried
sludge would have to be processed at the site to avoid offensive
cdore. The second plan is slightly less costly than the first,
but we feel that careful study is needed with regard to the uncer-
tainties of the effects of sludge on the ecosystems of the ocean,
The third plan suffers under the same uncertainties as the second
in addition to being extremely costly. On the basiz of our esti-
mates then, it appears at present that the fourth propeosal pro-
vides the best choice among the alternatives considered. Cer-
tainly there are numerous other possible alternatives to sludge
disposal through harbor dumping that may be attractive in the
near future and which merit careful attention. One promising
technique that we have noted is disposal through thermal means
such as incineration. But at present the most widely-used meth-
od is drying and storage on land:

The most economical method of sludge disposal depends

on local conditions...and methods other than combustion

seem likely to retain their utility for a long time.

The ability to evaluate alternative disposal methods

soundly will require thorough investigation of such

questions as the value of liquid, dried, or composited

sludge as a fertilizer or soil conditioner; underground

disposal as in abandoned mines: and pipeline transporta-
tion of sludges,
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32 the sludge would be dried

Under the Deer Island landfill scheme,
on sand beds or by using mechanical means and then deposited on a
landfill site at Deer Island. An area of 300' by 200' by 5'
would last approximately 10 years or so before it would become
necessary to truck some of the accumulated sludge away. A wall
could be built around the site to retain the sludge, while a roof
may be needed to keep out the rain., A rough estimate of the
costs is as follows:

D;ying equipment...$3,000,000

Site development... 4,000,000

Nut Is. to Deer

Is. Connection.... 1,000,000
TOTAL CARPITAL COST.§8,000,000

Operation and Main-
tenance...........5 110,000
{includes periecdi-
cally trucking
away accumulated
sludge € 10¢ per
ton-mile}

These cost estimates have been found to be in basic agreement
with these found in Reference 32 which describes a similar sludge

treatment scheme.

VII. SUMMARY AND CONCLUDING REMARKS

Boston Harbor is a uniquely valuable natural asset te the
people of the Boston metropolitan area and of New England. This
value lies in its intrinsic suitability for recreation and other
noncompeting water-related uses. However, unless the serious
problem of water pollution in the harbor is overcome, the full
potential of the area can never be realized. This fact has led
to the establishment of water-quality goals and a management plan
for the abatement of pollution in the harbor. Thig chapter is
intended to serve as an input to this planning and management
process.

The most important sources of polluticn in the harbor are
municipal sewage and sludge from the treatment plants, and raw

sewage from combined sewer overflows and illegal dumping. Al-
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though the continuous operation of the Nut Island and Deer Island
treatment plants have had some favorable effect on harbor water
quality in certain areas, the practice of direct discharge of
digested sludge into the harbor has substantially reduced their
effectiveness. Theare {8 substantial evidence to stuggest that
this sludge has an exthemely degrading and widespread effect

en the bacterial quality of the water. First, sludge dumped

into the northern portion of the harbor from Nut Island and Deer
Island contains approximately 500 times the amount of coliform
bacteria present in chlorinated liquid effluents, even though the
volume of these effluents is nearly 1,000 times that of the
sludge. Second, a chronology of sludge disposal events during
the summer of 1968 seems to indicate a strong correlation between
the disposal of sludge (raw or digested) and the coliform densi-
ties in the northern sector. Third, the fact that increased
chlorination of the liquid effluents in 1969 resulted in substan-~
tial reductions of coliform densities in some parts of Winthrop
Bay suggests than an even greater improvement might be effected
if sludge were nct dumped into the harbor, since its effect on
the coliform population is so much greater than that of the
chlorinated liquids.

All of this evidence is consistent with the fact that proper
sludge handling and disposal is widely recognized as an important
component of any effective pollution-abatement program. We feel
fthat the cuxnent method of disposing sfudge in Boston Harbor £is
one important neason that the water is sLELELR of unacceptable
Guality, cepecially nean the {sfands which unfortunately ake
tocated in the vicinity of the sfudge outfaffs. Thus the ques-
tion of sludge disposal must be one of top priority in the man-
agement plan for achieving the water-guality goals for the harbor
in the near future.

We have examined in a preliminary way some alternatives to
disposing sludge in the harbor, including drying and storage at
Deer Island. This analysis was not intended to be complete; we

realize that there may be other more efficient ways to handle
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sludge, perhaps through incineration or even direct chlorination,
Qur primary purpose has been to focus attention on the immediate
need to attach a high priority to the entire question of sludge
and its effect on the harhor water quality.

In looking at the entire sludge situation, the first and
most important task is to understand to what extent it contri-
butes to the bacterial pollution in each sector of the harhor.

We need this information to evaluate the relative costs and bene-
fits of various long-term cleanup alternatives. One such alter-
native, recommended in the Camp, Dresser, and McKee study in

1967 as the least costly long-range solution, is a Deep Tunnel
Plan that would dump all incoming sewage 9-1/2 miles out into

the ocean from Deer Island, The only treatment the sewage would
receive would be heavy chlorination. This tunnel would accommo-—
date the normal sewage flow as well as all storm overflows. While
the plan might drastically reduce pollution in the harbor, the
cost is great: approximately 1 billion dollars when capitalized
for 30 years at 5 percent. On the other hand, consider the capi-
talized costs for the sludge storage plan: approximately 42 mil-
lion dollars. If in the vicinity of the islands sludge is the
source of 50 to 75 percent of the bacterial pollution, penhaps
the waten-quality goals could be met in fhat hegion by concen-
trating effonts on finding a better sludge disposaf scheme. Or,
a combined program cof tidegate repair and sludge disposal might
achieve a level of pollution abatement that would allow the har-
bor to be reopened on a broad scale for recreational and shell-
fishing purposes. 1In othen words, compared to the costs, the
payodd may be verny fLarge if an effective asfudge disposal scheme
wene Lo be impfemented. Thuds we strongfy urge that the {siue of
sfudge disposal be given canefuf considenation in the ongeding
efforts aimed at cleaning up Boston Haabor.
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REGIONAL GOVERNMENT IN NEW ENGLAND:
A PROTOTYPE

by

Robert FPield, Jr.
Sandra Lynch
Richard Morse, Jr.
Robert Wolfe

ABSTRACT

All of the environmental problems discussed in the accompany-
ing articles are aggravated by the frequent inability of the
political system to mobilize effective efforts to combat them.
This happens because regional decisions are generally formulated
by non-regicnal processes, leading to inefficiency, poor planning,
and limited solutions for problems too important to be approached
on a piecemeal basis. 1In approaching this morass, we have used
three principles as guidelines: (1} Govermment should be admin-
istered on a plane high enough to accommodate coordinated lower-
level implementation of policies; (2} total family income should
be recognized as the only criterion for effective and equitable
taxation; and (3) efficient land allocation should be fostered
by more conscious application of existing control mechanisms.

Consideration cf these issues has led us to advocate the
following: (1} Elimination of the multiplicity of governments;
{2) creation of a regional government to administer interstate
problem solving; and (3) overhauling the existing property tax
to emphasize land-use management and other social goals, such as
pollution abatement. We suggest that this can be accomplished in
part through a three-phased program to establish a regional govern-
ment and through implementation of a new property tax,
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REGIONAL GOVERNMENT IN NEW ENGLAND:
A PROTOTYFE

I. INTRODUCTION

As attention focused on the problems of the cities during
the last decade, one federal committee recommended that urban
problems be given regional consideration:

The most pressing problem of local government in metro-
politan areas may be stated quite simply. The bewil-
dering multiplicity of small, piecemeal, duplicative,
overlapping local jurisdictions cannot cope with the
staggering difficulties encountered in managing modern
urban affairs. The fiscal effects of duplicative sub-
urban separatism create great difficulty in provision

of costly central city services benefiting the whole
urbanized area. If local governments are to function
effectively in metropolitan areas, they must have suffi-
cient size and authority to plan, administer and provide
gsignificant financial support for solutions to area-
wide problems. (Committee for Economic Development,
Modernizing Local Government 44, 1966.)

The existence of 146 government entities within the metropoli-
tan Boston area illustrates that New England particularly suf-
fers from a maze of fragqmented jurisdictions. The second most
urbanized region1 in the United States is New England where,

in 1%60, 76.4% of the total population was urban.2 Because of
the compactness of the New England region, the resulting sprawl
leapfrogs state boundaries, creating interstate problems of

increasing complexity.

The resulting economic dislocation distorts the difficult
problem of finding sufficient revenues to finance public proj-
ects, As the Advisory Commission on Intergovernmental Relations
{ACIR) noted:

The multiplicity of governments and its political corol-
lary "home rule" can work against the most efficient
allocation of resourceg-=-a "suapfus" situaiion in one
community ordinarily wiff {inance profects o4 Lfncreasingly
Lowen priordlfy nather than underwrile a high prloriiy
function in a neighbeadng community congronfed with a2

283
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"deficit" adtuaticn. 1t should alsc be noted that the

multiplicity of local governments creates a political

milieu that makes state equalization efforts more costly

than efficient. In order tc help the poorer districts

or communities, it is usually necessary to provide a

measure 35 aid to all districts including the most

wealthy. {(Emphasis added)
Thig fragmentation of tax bases generates dangercus fiscal dis-
parities.4 At the same time that central cities are faced with
the continuing need to spend large amounts per capita for pub-
lic services, their tax bases are being eroded. WNew England re-
ceives over one-half of its revenue from the property tax, which
of all taxes is the most inequitable and least responsive to
economic growth. The finances of the New England states reveal

some consaistent patterns:

{1l) Receipts from the Federal Government to be applied
against the four major functional areas--education, highways,
public welfare, and health and hospitals--were substantially
below the national average.

(2) state-level payments for education (26.5%) were signi-
ficantly below the national average (40.7%) with the result that
the local share of education costs among the states (67.6%) far
exceeded the national average (52.0%).

(3) In all six states, per $1,000 of personal income, edu-
cation was by far the largest expenditure item in 1967-68.

{4] The state's share of expenditures for public welfare
and health and hospitals greatly exceeded the national average.

(5] The net result of the state-local relationships de-
scribed in items (2)-(4) above was that state aid in New England,
as a percentage of local general revenue in 1966, was only 21.2%,
compared with a national average of nearly 31%.

(6) Thus the traditional New England emphasis on strong
local government resulted in a reliance on local property taxes

for 53.4% of all state-local revenue from taxes, compared with
4 national average of only 43.5%.5
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(7) Conversely, non-property taxes comprised only 1t of
total local taxes, compared with a national average nearly 13
times as 1arge.6

Criticisms of the property tax are legion. Disadvantages
of the tax include the fact that, in order to attract taxpaying
users, localities are forced to develop land for residential and
commercial use which might otherwise be retained for recreational
purposes. In addition, the property tax is difficult to adminis-
ter. As part of our study, we shall examine a revision of the
tax structure with particulary emphasis on revising the property

tax.

The Massachusetts Constitution? as well as statutory8 and
case law make it clear that property is to be assessed and taxed
at full "fair cash valuation."”

This means fair market value, which is the price an

owner willing...to sell ought to receive from one wil-
ling...to buy.?

It has been held to be wholly illegal to assess land at less
than full valuation.lo Nevertheless, the statewide ratio of
assessed value to sales price has bheen determined to be only
36.7%11 Perhaps the greatest disadvantage of the property tax
is that a large percentage of land may be tax-exempt. It has
been estimated that 60% of Boston's real property is tax-exempt
since many schools, hospitals, and religicus organizaticns are

located within the city.l2

Boston will feel financial strains in the future if the
property tax continues to be a major source of revenue, This
prognosis is supported by two statistics. Of the 37 largest
Standard Metropclitan Statistical Areas (SMSA's), Boston is
the fifth smallest in land area.l3 At the same time, per capita
total general expenditure by the central city is the fourth
largest of the 37 areas.l4 Such statistics have led one group
to conclude that:

...economic growth of the City of Boston will be severely
constrained, even with the changing economic structure of
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its economy and the upgrading of jobs and income that may
be expected to accompany the growth of business, personal
and government service activities, as manufacturing and
trade continue to move cut....[Plublic expenditure needs
of the City of Beston, already overwhelmed by outlays for
health, welfare and safety, allowing less than adeguate
margins for education, transportation and housing, are
sparing as the City of Boston continues to provide feor
the bulk of the area‘'s poor, needy, and disadvantaged,
and as standards of public service for social welfare
rise, To fulfill the potential for the liability of
the City of Beston econcomy, in these circumstances,
{will] require measures at the state and naticnal level
to redress, in part, the fiscal and economic disparities
presently confronting the City of Boston.l5
The importance of Boston's problems for New England is seen when
one recognizes that Boston serves at least three states as a
major financial and cultural center. The fiscal and governmen-
tal problems of the city should be viewed in an interstate

context.

At best, the tax complex of the interstate metropolitan area
"is difficult, if not impossible, to analyze., As long as there
is a substantial interchange of people between the parts of an
ared belonging to the different states, it is unlikely that there
will be any close correlation between the payment of taxes and
the reception of benefits from public expenditures."l6 As a
consequence of this inequitable distribution of the revenue dol-
lar, wrong-way migrational patterns of business and people have
been accentuated, thereby forging "a white, middle- and high-
income nocse around the increasingly black and poor inner city;
and [subjecting] much of rural America to a continuing course

of gradual ercsion."17

The problems of financing government are intertwined with
the settlement and land-use patterns of New England. It {4 a
major premise of this paper that planning mechanisms musi be
<rstituticnalized in government to deal with the phoblems o0f Lin-
efficient Zand use and enosion of tax bases. Consideration must
be given to the social imbalance resulting from the black-core
city/white-suburb phenomenon. In addition, action must be taken
to restore the ecological balance of the land and waters of New
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England, long ago distuyrbed in the process of industrjialization.
New England’'s open spaces, one of its prime attractions, must

not be usurped from displacement by unplanned and poorly-con-
trolled development.

Existing mechanisms to control land use are inefficient.
The prime mechanism, zoning, instead of following and implemen-—
ting planning, often precedes and provides the structure within
which planning is done,'® Although the New England states indivi-
dually have authorized the establishment of planning agencies,lg
it is felt that the problems which the planners must face do
not end at the boundaries between states. More centralized
planning is needed. Land-use patterns will also be influenced
by federal transportation, labor, power, and foreign trade regula-
tions. The lagic of desirable development demands that the
governmental and planning functions for the New England region

be centralized.

Centralization of power refers to "the transfer of effec-
tive power of political decisions to higher governmental levels

encompassing wider geographic area."20

Yet, "at bottom 'cen-
tralizaticn' is no more than an attempt rationally to relate
governmental forms and institutions to the geographic breadth
of the public need for uniform regulations and minimum service
standards...A centralized government can be a responsible and
responsive government, and a decentralized government...can

yield irresponsibility as well as diffusion of poerwer.“21

Regional decisions are now being formulated by nonregional
processes. This has led to inefficiency, pecor planning, and
limited solutiocns for problems too important to be approached on
a piecemeal basis. In approaching this morass, three principles

will be used as guidelines:

{1} Goveanment shoufd be administered on a plane high
enough to accommodate coordinated Lower-feveld implementation;

{2} Total famify {ncome should be recognized as the onfy
enditenion fon effective and equitable taxaiion;



288 Regional Govermment

[3) Efficient tand allocarion should be fostened by mone

conscious application of existing controd mechanisms,

The basic areas of concern, as already identified, are govean-
meit sthructune, fand use, and tax sfructurc,

Consideration of these areas of concern leads us to advocate

the accomplishment of the follewing:
{1} Elimination of the multiplicity of governments:

{2) Creation of regional government to administer inter-

state problem solving;

{3} 0Overhauling the existing property tax to emphasize
land-use management and other social geoals, such as population

control.

This may be accomplished in part through a phased program to es-
tablish a regional government and through implementation of a
new property tax which would operate more efficiently to allo-
cate land for use, Governmental reform promeoting fiscal respon-

sibility would come in three stages.

The first stage, to be completed by 1980, will include
intrastate governmental consolidation; establishment of a re-
dional compact: imposition of a city payrell tax; and full-value
property tax assessment. Looking to political feasibility, only
low-order intergovernmental cooperation is proposed. In corder
to foster a climate favorable to increasingly non-local control
in later stages, several more farreaching mechanisms will be
initiated in the first stage.

Once these proposals have been implemented, stage two will
commence and will include refarm projects establishing Metro-
and Sub-Regional governments: modification of intrastate insti-
tutions; and refining of revenue measures. Stage two should be
completed by the year 2000.

The third stage of reform represents the culmination of
previous efforts to consclidate government and should be com-
Pleted in the years 2015-2020. This stage envisions the comple-
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tion of the Sub-Regional and Metropolitan governments which cross
state lines. State and federal constitutional amendments are
advocated, authorizing states to consolidate their powers into
regional governments.

II., STAGE ONE

1. Intrastate Govermnmental Cooperation

The minimum level of cooperation urged is the voluntary
association of existing governments into localized Councils of
Governments.22 There should be little opposition to this pro-
pesal because it does not threaten existing governmental units
and because it requires neither enabling legislation nor popular
referendum. Such COG's would provide a forum for the exchange of
views on common preblems and should lead to jointly-sponsocored
legislation, coordinated planning, and cooperation in some
governmental activities. Because such councils would be volun-
tary and their decisions not binding, they are recommended for
use primarily in rural areas where there is now no inter—local

cooperation,

Inter-local cocperation may alsc be accomplished without
altering existing governments through contractual relation-
ship$.23 An example is contracting between cities for reciprocal
municipal services such as fire protection and water supply.

Such cooperative contracting is most appropriate for any commo-
dity service or proprietary function which (1) lacks need of
major substantiwve discretion; (2) involves standardized and ac-
cepted performance methods; (3) regquires specialized professional
or technical gqualifications; and (4) has a comparatively stable
demand.24

tence.25

Statutes authorizing such contracting are in exis-

City-county consclidation is not recommended. The county
is an anachreonistic governmental unit which should be abolished.
A higher level of cocperation can be achieved through the formula-
tion of special distnicis. BSpecial districts cut across territeorial

lines but do not replace governmental units. They assume cer-
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tain government functions as public corperations or as guasi-
municipal corporations.26 These special districts should be
distinguished from authorities such as the Massachusetts Bay
Transit Authority (MBTA}. While the accompligshments of the MBTA
and the Metropolitan bistrict Commission are recognized, it

is felt that such independent authorities are nonrespongive

teo public will, hampered by the lack of general taxing powers
and, inevitably, jealous gquardians of their own delegated powers.,
A proliferation of such authorities could lead to overlapping

and working at cross-purposes.

For heavily-urbanized areas such as the Boston and the
Providence Metropolitan Statistical Areas, federations of gov~
ernments are urged. The governing councils of such federations
could be elected from the constituent cities and towns. Council
decisions would bind federation members. An executive, prefer-
ably from an outside area, would be elected by the council.

The Home Rule Amendment to the Massachusetts Constitution autho-
rizes the legislature to create such metrcpolitan or regional
entities and to grant them powers to tax and borrow.27 The
metropoclitan federation would fulfill regional functions such

as property assessment, debt borrowing, libraries, sewage and
garbage disposal, pollution control, housing for the elderly

and poor, etc. Local functions would be retained by city and
town governments. The functions of the independent authorities
would be assumed by the metropolitan federation.28

2. Interstate Regional Cooperatiocn

The use of two currently available tools--the Interstate
Compact and the Urban Development Corporation--to tackle inter-
state problems is proposed. The problems of metropolitan man
frequently straddle provincial or "state" lines, but still remain
subnational in scope.

Interstate Compacts

Although use of the compact device has produced few out-

standing examples of success, the compact could emerge into a
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powerful and expedient governmental tool during the next few
decades. To be successful the compact should have strong fin-

ancial powers and a well-developed political accountability and
; 2 .

responsiveness, 9 The use of interstate compacts is sanctioned

by the United States Constitution, which authorizes a State to

"enter intoc any Agreement of Compact with any other State" with

"the Consent of C.ongress."30

The interstate compacts currently employed with varying
success may be classified as follows:

(L) Natural rescurce development {(or public welfare)

comgacts :

(a) Subject matter of enduring concern to the
whole state;

{b} User charges are insignificant;

(c) Reasconable and politically acceptable to
resort to general state revenues for costs
above and beyond those born by the Federal
government; and

{d) Informal! federal involwvement.

Example: Atlantic and Guf{ States Manine Fishenies Compact

(2) Regulatory compacts:

(a} Local focus and small costs;

{b} Governmental in nature;

{c}) General budget of signatory states carries
the cost burden.

Example: Washington Metfropolitan Anea Thanaif Regufafion
Compact

{3) Self-sustaining proprietary local service compacts:

(a} Financial burden carried by revenue bonds and
user charges;
{b} Major objective is public service.
Example: The Pori of New Vork Authonity

(4} HNon-self-sustaining proprietary local service compacts:

{a) Desighed for large-scale projects;
{b) Revenue bonds and user charges not expected to
carry all the burden.3l

Example: PDefawanre Rivex Basin Compact
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The compacts which have been entered into by the New England
states concern planning, radicolegical health, water pollution con-

trol, and interstate cooperation commissions.

The non-self-susfaining propraietany focal service compact
{4 propused for wse as an {nteamediate device fon {nteghrating
The New Engfand negion. The efforts of the compact would be
directed to nenprofit, socially-oriented objectives. Such a
Hew England States Compact would be administered by a full-time
Boand of Regional DPirectons, two from each state, and a perma-
nent administrative staff. During Stage One, the Board would
be responsible for promulgating Regional Development Plans for
New England and engaging in specific study projects. It would
also coordinate plans proposed by the Regional Development Cor-

porations, to be described later.

The problem of massing public support for the Board's plans
and the necessity of insuring the Board's responsiveness dictate
that the Board be cognizant of the following when formulating
policy:

(1} Tax Level Differences. Among those likely to oppose
change are the people who now benefit from the dif-
ferences in tax levels that characterize almost all
metropolitan areas....To eliminate or narrow the
tax differences by governmental restructuring would,
of course, benefit some metropolitan residents; but
it would increase the taxes of others--and the latter
group is likely to include influential members of the
area's power structure.

(2} Social Disparities. Poor and disadvantaged people,
including a considerable proportion of Negroes and
other ethnic minorities, tend to be concentrated in
"poverty areas.” The central cities typically have
far larger proportions of such "high-cost citizens”...
{therefore the well-advantaged} groups may well fear
that gevernmental restructuring--whatever its pos-
sible advantages in other ways--will considerably
reduce their political muscle.

{3) Established Interests. Ongoing governmental arrange-
ments accumulate a host of persons who rely heavily
on the continuation of the status guo....For those
people the prospect of major structural chsnge at
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best involves uncertainty, and at worst the possible

loss of familiar advantages of status or economic
benefit,

{4} Public Uncertainty. Most metropolitan residents
lack close acquaintance with the local governments
that serve and tax them...their concern is not likely
to promote structural change unless they can be
convinced that:

(a) Existing crganizational arrangements con-
tribute seriously to the problems involved:

(b} Other Xinds of action--such as more grants
from the state or federal government--
would be inadequate; and

{c) The proposed structural change offers prom-
ise of major improvement and is clearly better
than any available alternative.32
It is suggested that the creation of a powerful interstate

compact will have a twofold effect. First, it will enable our
existing governmental structure to meet the environmental and
social challenges with a degree of positivism and responsibi-
lity that will permit massive changes during the next two dec-
ades. All New England must contribute to the solution of the
problem which is so easily identified and dismissed as being
unigue to Massachusetts or Rhode Island, i.e., "metropolitanism."
Second, a strong regicnal compact which can be shown empirically
to operate efficiently will serve as a catalyst to the future
consolidation of traditional state services and functions into
a regional type of government~-subnational in nature, yet fis-
cally strong enough to fund regional prejects, thereby protec-

ting regicnal and local interests in a "new federalism.”

The compact would be funded from direct contributiens from
federal grant-in-aid program533 and from state support in satis-
faction of the centractual compact. The compact would not
represent a new federal subdivision; its authority would be pre-
dicated solely upon that of the founding states.

Since compacts are the products of coordination of inter-

state interests and can be drafted with infinite variatien, they



294 Regional Government

provide a very practical first step in reflecting government
response to secial and environmental pressures. The compact
appears to be an excellent wvehicle for governmental officials
to promote positive social change without engaging in politiecal

suicide.
KBegionaf Devefopment Conporations (ROC'a)

While overall planning is to be done by the Board of Region-
al Directora, specific problems will be dealt with by a
Regional Devefapment Conporation. All of the New England
states have adopted legislation creating Development Credit

Agencies and Industrial Bond Plans. This legislation parallels

a national trend:34

Private development credit corporations operate under

the following general scheme. After incorporation the
organization issues its stock..., and when a stated

amount of capital has been paid in, the corporation is
permitted to start business. Because the corporation

is designated to provide a source of credit not else-
where available, and not to compete with existing credit
sources, prospective borrowers may have to show proof

that they have been refused loans from commercial sources.
Lending funds are provided to the corporation at a low
interest rate by its non-stockholding members, which are
traditional commercial credit agencies that have agreed

to make funds available on call in return for obliga~
tions of the corporation. The limit of each member s
lending capacity is set at a small percentage of its

total capital and surplus, and all calls upon the members
arc required to be prorated in relation to the loan limit
of each. Loans by the corporation are at an interest rate
slightly higher than that paid to the members, and are
secured by mortgages on the property or by the stock of
the borrewer. Total obligations of the credit corpora-
tion are generally limited to a stated multiple of its
paid-in capital surplus, and loans to any one borrower are
similarly limited to a percentage thereof.35

In Massachusetts, specifically, the agency36 authorized to
issue honds is cbliged to "promote, stimulate, and advance the
business prosperity of the Commonwealth...to encourage and as-
sist threough loans, investments, or other business transactions,
in the location of new business and industry...."37 The con-

stitutions of the New England states require that such expendi-
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tures be for a public purpose.38 This regquirement has been re-
laxed in recent years.39

There is no apparent federal constitutional impediment to
the creation, through compact, of interstate Regional Develop-
ment Corporations vested with authority to act as credit agen-
cies and to issue industrial bonds. They could be utilized to
implement specific objectives of the compact-~~-for instance, low-
cost housing construction and mass transit operation, as well
as real estate market control for housing and industry.

The fiscal operations of the RDC would be run in generally
the same manner as in existing state credit agencies. Although
such credit corporations have had varied success on the state
level, we submit they could be effective on the regional level

if properly administered.

Directed in such a way as to assure coordination with an
overall Regicnal Plan, each RDC would itself adopt a master
plan., Through vote of both legislative houses, individual
states would have veto power. The RDC's would thus function
within the compact as an operating body to implement the Region-
al Plan through financing, land acquisition, and technical assis-
tance to private industry.

3. Local Financing: City Payroll Tax and Total Income
Assessment

As was stated earlier, over one-half of all local and state
revenue in New England is provided by the property tax. Yet
such a tax is inelastic,40 particularly when compared with the
automatic growth characteristics of the progressive income tax.
Heretofore, the property tax has been able to keep pace with
revenue requirements through increased assessments and escala-
tion of rates, assisted by an unprecedented expansion in con-—
struction.41 However, it now appears that these tax rates have
approached the limit where they constitute confiscation, while
environmental considerations may limit the rapid growth of new

construction,
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That the property tax is inappropriate for financing cities
such as Roston was demonstrated earlier. The property tax has
been maintained in its historic form because it is a stable
source of revenue. 1In a rural society, the value of a family
residence served as a fairly good proxy of the ability to pay
taxes. But in a modern urban society, total household income

is a more precise measure of taxable capacity.

In Stage One, it is proposed that a broader tax base be
achieved through imposition of a payroll tax on all wage carners
within the core cities of Bosteon and Providence. All wages
above federal poverty level would be subject to taxation at a

43 Although this is not consistent with

low progressive rate.
the desirable cbjective of taxing total income, the payroll tax
is advocated as a method of providing the core city with much-

needed revenue.

The efficacy of municipal income taxes {a step beyond the
payroll tax) has been demonstrated--at least 17 cities of over
150,000 in population have enacted such taxes.44 In several
cases the rates are different for residents and nonresidents,
while some cities (New York) have progressive rates. For the
larger central cities the tax offers an equitable, productive,
and administratively feasible source of revenue.45 It also
allows the city to derive some revenue from nonresidents who
earn income in the city and use city services. A constituticnal
amendment would be reguired in Massachusetts to implement such

. 4
an income tax. 6

To recapitulate, Stage One is to be completed by 1980 and

Proposes!:

(1} Instrastate governmental cooperation;
{2) Establishment of a regional compact;
{3} City payroll tax;

t{4) Total income assessment,
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I1T. STAGE TWO

1. Governmental Consclidation

If local governments are to function effectively in metro-
politan areas, they must be of sufficient size and authority
to plan, administer, and provide financial support for sclutions
to areawide problems. To overcome decentralization and provide
sufficient power to deal with metropolitan problems, the Boston
and Providence federations should now be formalized into Metnre-
pofitan Goveamments. This would effectively eliminate the
cities and towns within the metropolitan area as decision-making
and revenue-allocating entities. Governing council members
would now be elected from districts of equal p0pulation.47 The
independent authorities, the Massachusetts District Commission,
the Massachusetts Bay Transit Authority, and the Massachusetts
Port Authority all would be subsumed as departments cf the Metro-
politan Government of Boston. Geographically, the Beston Metro-
politan Government should encompass at least the 78 cities and

towns which now compose the M,B.T.A. territory.

Most activities now undertaken by county governments should
be assumed by the metropolitan governments and by the less urban
councils of governments. Some county functions such as penal
institutions, courts, and agricultural schools should be as-

sumed by the New England Compact.

The councils of the metropolitan governments of Boston and
of Providence should be assisted by advisory committees of ex-
perts in aspects of urban affairs. Each advisory committee
would be composed of 15 members, cne-third each selected by the
governor, the council executive, and the constituent electoral

districts.

Less urban areas wculd now be governed by institutionalized,
mandatory councils of governments. The New England states would
then in effect be divided into Sub-Regdonal Areas (SRA's}, governed
either by metropolitan governments or councils of governments.

Each SRA government would pessess regional planning, land use,



298 Regional Government

and tax assessment powers. The boundaries of the SRA's would
be determined by the state legislatures with the consultation of

the Board of Regional Directors of the New England Compact.

The SRA's should be established in accordance with the fol-

lowing criteria:
{l1) The natural gecgraphy;

{2y Existing land use
fa) Industrial
{b} Population concentrations
{c) Recreational and natural resources

(d) WUrban/rural interface;

{3} Current trends in legislation concerning intrastate

governmental consoalidation efforts;

(4) Existing interstate cooperation and consolidation

efforts:
{(5) Existing federal land-use pelicies and restrictions;

{6é) Socially- and ecologically- desirable conditions
(a) Balanced urbanizatien
{b} Tolerable pollution levels
{c) Efficient regicnal transportation
{d) Accessibility of recreational and natural

resgurces,

In crder for the SRA's to respond to regional concerns,
it may be necessary to establish subregional governments which
cross state lines--for instance, in the Springfield-Hartford
arca and the Providence-Fall River area. No two state legisla-
tures inveolved could alone establish a lecal government encom-
passing the interstate areas. Through compact two states could,
however, require the contiguous area governments of, e.g., Fall
River and Providence, to coordinate and cooperate in their
activities,

The dangers of nenresponsiveness of such governments may he
minimized by instituting the office of ombudsman into the SRA's.
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2. Strengthenirg the New England Compact

At Stage Two, the constitutions of the New England states
must be amended to permit at-large popular election of two state
representatives to the Board of Regional Directors. The board,
at this point, will be institutionalized as the New England
Cabinet. A chief administrator will be elected from among the
cabinet members for a two~year term. His successor must come
from ancther state. This institutionalization will be necessary
because of the growing importance of the former compact. It
will also serve to democratize the compact in preparation for
Stage Three,

At Stage Two, the Federal Constitution should be amended
to permit state delegation of legislative authority to the regional
government without retention by the states of legislative veto
power. The caliber of the regional government's activities
will not necessarily change; rather, decisions made at the regional
level will become final.

Many devices used currently to implement governmental deci-
sions will be used by the regional government. For instance, in
the area of land-uge planning, the tools of zoning, land acqui-
sition, and taxation will be used. Other traditional methods
of land-use control such as subdivision, regulation, business
licensing, highway access, historic district regulation, etc,,
should assist in implementing regionwide plans. While such
tools may ultimately prove inadeguate, their use while new methods

of implementation are developed will ease the transition.

3. Financing

At the core of successful planning is sufficient data on
which to make reasonable decisions. Because New England's natu-
ral beauty is one of its greatest resources, land-use planning
is cruclal. Subregional governments at an early part of Stage
Two will compile inventories of all land within their respective
jurisdictions. Each existing tract of land will be classified
and catalogued according to existing use, desired use, present

owner, and full-value assessment. In the latter portions eof
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Stage Two, subregicnal land-use plans will be coordinated with
the prescribed regional land-use plan of the New England Cabinet.
The land-use plan will in turn be used as the basis for the

new tax to be described in Section V.

Upon establishment of the two metropolitan governments, the
payroll tax will be eliminated and an income tax initiated with-
in the broader subregion. Progressive state income taxes, en-
acted after state constituticnal amendment, should become the major

source of state revenue.48 At this point, the local income tax

4 u s 3 n
could be a fixed percentage of the state tax. ? By "piggybacking
the two taxes, the local tax should be easy to compute and ad-
minister. It would also avold conflicts with the socially-

desired exemptions and credits set by the state.

Additicnal funding to both intra-and interstate organiza-
tions would come from the states and the federal government,
The federal government could impose a tax on the New England
Compact Region and return the funds to the states comprising
the regien for allocation., This scheme avoids the legal pit-
falls present in state and federal constitutions when proposals
are made for state taxation at regional levels. The scheme
would be improved if the federal government distributed the tax
revenue directly to the regional and SRA levels. Ideally, it
is hoped that the New England region will ultimately assume its
own authority ta tax and thus become sgelf-sustaining.

Until the region does become self-sustaining, the tradi-
tional disposal of federal funds will continue greatly to influ-
ence the region's development. Among direct expenditures by
the federal government, which will have influence on the region,
are the location of federal installations, award of federal con-
tracts, and subsidy of private industry. Indirect federal
spending will continue to enable state and local governments to
attempt fiscal projects otherwise impossible. One typical ex-
penditure is that provided for under the Urban Mass Transporta-—
tion Act50 whereby cities may receive funds to develop an urban

mass transport system. Substantially identical programs exist
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in the areas of urban renewal, pollution control, and regional

. 51
planning.

To repeat, State Two, to be completed by the year 2000, has
as its specific proposals:

{1} Institutionalization of the Metropolitan Government;
{2} Establishment of SRA's;

{3} Strengthening the Regicnal Compack:

{(4) City payroll tax becomes broader income tax;

{5} State income tax made progressive and increased.

IV, STAGE THREE

The third stage envisions the creation of a truly regicnal
New England govermment, It should be completed in the years
2015-2020, the years of the project termination.

Modifications of the magnitude proposed will invariably
meet strong resistance from currently-entrenched-interest groups.
However, we submit that the current scological and social dis-
equilibrium warrants more than token patchwork responses from
our elected leaders. Only a callous and unconcerned cfficial
could ignore the problems described in other chapters of this
repert; and only an unenlightened and unresponsive official can
dismiss as academic rhetoric concerned efforts for meeting prob-
lems on the level--if not in the exact form--of our propesals.

We do not intend to overemphasize currently—popular cliches.
However, major instituticnal response must take place in a
planned progressive manner. Otherwise the current trend toward
federalization of problem-solving, with all of its attendant
inadequacies, and the emasculation of lower levels of government
will be accentuated. Thus even some of our most extreme propo-
sals, such as constitutiocnal amendments, must be viewed as viable
given the framework of a 50-year time span and the complexity of

the problems.

The major step te be taken at this stage is the structural
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completion of the subregional and metropolitan governments which
cross state lines., Further, state and federal constituticnal
amendments authorizing states to consolidate their powers into
regional governments would enable them to set up subregional
governments encompassing territory in two states. Therefore, a
Springfield-Hartford government, a Providence-Fall River govern-
ment, and a new government encompassing parts of western Massa-
chusetts and southern Vermont could be established under the New
England Cabinet.

The proposed federal constitutional amendment should state
in substance that:

Nothing in this constitution shall prevent any given

state or group of states from abdicating their sover-

eignty to a binding regional form of government,

Nothing in this amendment shall permit secession from
the federal union.

Additional language would specify the manner whereby the

region would be congressionally represented at the federal level.

V. PROPERTY TAX REFCRM MEASURES

1, Introduction

We shall now shift this discussion tc a more concrete exam-
ple of the elements of the aforementioned institutional reform.
This example is the general property tax and, although intrin-
sically microcosmic, it is an essential element to any reform
package .

Governmental reform must include sound revenue~gathering
mechanisms. We support total family income as the appropriate
source of revenue for supporting regional government. However,
proposals substantially reforming existing governmental struc-
tures in New England must also take intoc account the currently
important revenue-gathering device--the general property tax.
Since its inception the general property tax has been maintained
despite its inability to conform to the generally-accepted
theories of equitable taxation, primarily because it has been

a very stable source of revenue. Nevertheless, today's general
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economic climate prohibits effective implementation of the tax,
and we join with those tax theorists who are disenchanted with
the property tax as currently administered. However, we depart
from their camp insofar as complete abolition is advocated.

Its revenue function must be preserved insofar as the financing
of property-oriented services is cencerned. Equally important,
we propose giving new emphasis to the policing and contrel mech-
anisms of the tax, thus utilizing it as an essential force
within a planned progression towards regional government. In
the property tax we find a powerful tool for retarding unre-
strained migration patterns; for policing effluent discharges;

and for establishing sound land-use incentives.
2. Discussion of the Concept

assume that Stage One of the governmental reform previously
proposed has been implemented, and that the New England state
legislatures have sanctioned a functioning interstate compact.
one of the initial tasks of the Board of Governors would be to
determine the most desirable and functional land-use allocation
within the region. Hopefully, this task will be accomplished
in an atmosphere (insofar as possible) free from local political
pressures. This area land-use determination of subregicpal
areas will be made irrespective of existing interstate political

horders. The factors to be considered include:
{1} The natural geography;

{2) Existing land use
fa) Industrial
{b) Population concentrations
{c) Recreational and natural resources

{d) Urban/rural interface.

{3) Current trends and legislation concerning intrastate

governmental conscolidation efforts;

(4) Existing interstate cooperation and consolidation

efforts;

(5} Existing federal land-use peclicies and restrictions;:

P I P AP PP
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{6) Socially- and ecologically-desirable conditions

fa} Balanced urbanization

{k} Tolerable pollution levels
{c) Efficient regional transportation

{d} Accessibility of recreational and natural

rasources,

The general classifications of the subregional areas are

three in number, and might reflect percentage designations simi-

lar to those shown in Table 6.1

DESIGNATION

Class One:

Clags Two:

Clags Throoe:

Table 6,1
—————

URBAN

a.

Public

(1) Roads

{2} Hospitals

{3} Municipal and
governmental
buildings

Industrial

{l) Heavy {(stressed)

{2) Light

{3} Service

Housing

Recreational and open

URBAN /RURAL

Public

Industrial

{l} Heavy

(2} Light (stressed)
{3) Serwvice

Housing

Recreational and open

RURAL/NATURAL

Desired Land Use in th
Area Designations and

=74 I o g o7}

Public

Industrial

Housing

Recreational and open

{it must be emphasized that

PERCENTAGE

30%

30%

30%
10%

20%
25%

40%
15%

5%
10%
20%
55%

e Year 2020--Subregional
Percentages
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the figures represented in this table have been arbitrarily se-
lected for purposes of descriptive analysis).

For a state such as Massachusetts there would be approxi-
mately sixteen of these SRA's as shown in Figure 6.1. Of the six-
teen, six would potentially transcend interstate borders as cur-

rently drawn. Three of these six are currently designated as

-

N.Y.

Fiqure 6.1 Massachusetts Sub-Regional Areas

interstate Standard Metropolitan Statistical Areas. The other
three would reflect a policy decision of the board relating to
desired land use in the region. Within any given SRA a state
would have autonomy to develop land as it chooses and where it
chooses, under the auspices of a local planning board and
subject to the abscolute percentage requirements defined initi-
ally by the board.

As an illustration of the application of this land-use/
taxing concept, we might look at the hypothetical future devel-

opment of the city of Bangor, Maine, situated as shown in
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Figures 6.2 and 6.3. Assume that the SRA within which Bangor

is situated has been designated to be an Urban/Rural -Class Two
area, and that the current and desired land-use patterns in

that SRA are characterized as shown in Table 6.2 and Figure 6.4.

Canodo

Maine

- s e o -]

New Hampshire

Portland

Figure 6.2 The State of Maine



Regional Government 307

Figure 6.3 The Bangor Area
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Land Existing Desired Percent
Desjgnation Percentages Fercentages Change
URBAN/RURAL :

Class Two

a. Public 10 20 plus 10
b. Industrial 10 25 plus 15
¢. Housing 30 40 plus 10
d. Recreational 50 15 minus 35

Table 6.2 Subregional Area Example of Shifting Land-Use
Bangor, Maine

These exhibits indicate that, in order to actually effect
the change to the Urban/Rural classification, major incentives
and pressures will have to be applied. This can be accomplished
most efficiently and with a minimum of social and yovernmental
disruptions by the implementation of land-use controls such
as zoning and property taxes.

This technique would first require the regional board to
determine a primary tax rate structure for each SRA classifica-
tion within a range of 0% to 25% to full-value assessment, as
shown in Table 6.3. No individual SRA would have the authority
to tax above these absolute amounts. {Again, the figqures have
been arbitrarily determined for purposes of discussion.) Hope-
fully, the range within each category of land reflects feasible
limits on the regional level for influencing a) land-use decisions,
b) population concentrations, and c) industrial growth. 1In
addition, such designations might directly affect the standards
of quality of life by encouraging, for example, the heaviest
pelluters to relocate to areas of less pellution where (presumably)
lower primary property tax rates would prevail,

Further, it should be noted that SRA's could be encouraged
to proceed more rapidly in the direction of the prescribed land-
use percentages by having the region tax publicly-held lands

45 sort of a penalty for nenresponsiveness. For example, in the
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URBAN URBAN/RURAL RURAL/NATURAL 2
LAND USE {CLASS ONE} (CLASS TWO) {CLASS THREE) RANGE
Industrial 20-25% 15-25% 10-25% 25%
Housing2 15-20% l10-20% 5-20%
Recreaticnal 10-15% 5-15% 0-15%
and open ;
(private) l
Recreational 0-5% 0-5% 0-5¢% 0%
and open
(public)

l. To be determined by the Regional Board of Governors.

2., One-half acre per family to be permitted as a maximum
at these basic rates.

3. Tax upon some publicly-held land might be deemed advi-
sable in some instances where guasi-penalties are deemed
necessary.

4. The tax rate will never be permitted to exceed 25% of
full assessed value, as control above this level will
be accomplished through zoning procedures.

Table 6.3 Absclute Tax Rate Variablesl in Percentages of Fair
Market Value and at Full Assessment

Bangor area the hypethetical figures show that an eventual de-
crease of 35% in recreational and open lands has been deemed
acceptable and desirable within the subregion. By taxing public
surplus holdings of land, pressure could be applied to the local
implementing governments to reallocate public land, for example,
towards housing. This reallocation could be accomplished by
sale to private developers and financed through the regional
development corporations, as previocusly discussed. The region's
absolute rates place the highest premium on industrial land

in an Urban Class One Subregion. Disregarding public holdings
of land {which may or may not be subject to a tax), the lowest
rate is applied to private undeveloped land in a Rural/Natural
area, Consequently, this device makes it necessary for taxpayers
to value carefully the advantages of a specific location in
relation to personal finances or corporate profits. These rates
reflect the highest level at which government tax policy can

determine land-use within a given area. Any further land-use
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control efforts should stem from the standard zening procedures.

77 777
/

m Downtown Areg
E Class Two: Urban/Rural
Class Threa: Rural/ Natural

P - Public 1 -Industrial
R - Recraational H~- Housing

Figqure 6.4 Land Use Designations in the Bangor Area

Equal revenue needs are neither anticipated nor desired
for each class of SRA, for an individual subregion should be
able to provide the services that its citizens may desira,
Therefore, it should be obvious that some mechanism must be
employed whereby an SRA can determine, within the absolute limits
just discussed, what its specific rate will be. We submit that
such a control can best be exercised by creating a mixture of
tax credits ang deductions that would tend to encourage the
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growth desired within each SRA, and finance the services,

This secondary level of tax control, as shown in Table 6.4,
for the Bangor region, is to be imposed at the subregional level
and involves a sophisticated manipulation of a system of credits
and deductions. This system should be designed not only to

control subregicnal land use, but also partially to discourage

Land-Use Class Two
Classifications Deductions Credits Absolute Limits

Heavy Polluter
Moderate Polluter

Light Polluter Flexible Variables Industry/Business
Light Industry

Banking and Invest. 15-25%

Service

Small Service
Commercial Farm

Multi-Family (>10)

Multi-Family (3-10) Housing
Single (>3 C's)
Single {w/o C's) 10-2D%

Single (3 C's}
Single {2 C's)

Urban Area {(+ 1/2 acre) Private
Rural Area {1/2 acre) Undeveloped
Wild (+ 15 acres) 5-15%
Public Undeveloped Taxed at Regional Public
Public Developed Level 0-15%

Table 6.4 Secondary Tax Control at Subregional Level--
Bangor

overpopulation and pellution, currently two of our most acute
social evils. Indirectly, this system should also encourage

the redistribution of single-family housing units to those couples
currently having children living within the family social unit,
who presumably need more house and yard space than do older
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or single persons, Of course, an absolute desire to maintain
these privileges or ltuxuries can be indulged by paying a tax
premium. Such incentives can also help to relieve scome of the
current pressures on public education by allowing certain communi-
ties within a subregion to concentrate upon providing scheool

and teaching facilities. 1In all instances, the credit/deduction
scheme as well as absolute rates should be subject to periodic
review in order to insure flexibility and response to changing
conditions as reflected by increased demands for government

sarvices.
3. Conclusion

In concluding this discussion of our novel tax system, it
should be emphasized that, although our plans and proposals are
untested, the mechanisms for implementation are available to
governments under our presently-constituted institutional sys-
tem. As governments eventually consolidate, this tax scheme is
potentially of great utility in instituting a land-use policy
which will conform with, and be fiscally responsive to, the

future needs of our society,
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